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CONVERSATION I. 



OF THE NATURE OF AIR. 



FATHER — CHARLES— EMMA. 

FATHER. That branch of Datu- 
ltd philosophy which is called Paeu- 
xoatics, treats of the nature, weight, 
pressure, and spring of the air which 
we breathe, and of tiie several effecte 
dependent upon these prop^ties. 

Charles. You told us a few days 
ago, that the air, though to us in^^ 
sible, is' a fluid ; but it sorely differs 
very much from those luids wiMib 

vol. IV. B 
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you conversed upon when treating of 
hydrostatics. 

Father. It does so : but recollect 
the terms by which we defined a 
fluid. 

Charles: You distinguished a fluid 
as a body, the parts of which yield to 
the least pressure. 

Father. The air, in M^aich we live 
and niove^ will answer to this defini- 
tion : siiKre^ we are continually im- 
mersed in it, as fish are in the ^vater ; 
if the parts did not yield to the least 
force, we should be constently re- 
mmded of its presence by the resigt- 
a«ce mad« tO' our bodies ; whereas 
persons unaccustomed to think on 
these subjects ire not even aware that 
they are surrounded with a fluid, the 
weight and pressure of which,, if not 
counterbakmced by jsame ot^ier pow^ 
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er, isCould instantly crush the human 
frame. 

Emma. In a still, calm day, such 
^ the present is, when one can scarce- 
iy disceni a single leaf in motion, it 
is difficult to conceive of the existence 
of such a fluid; but when 

down at once 

Precipitiint, doscbncis a iningled niass 
. Of roaj*ing winds, smdilames, and rushing floo4s, 

(Thomson's Summer) 

00 doubt can remain as to the existence 
of some mighty unsetn power. ; : 
/ Charles. By this quotation, Emma, 
you take it for granted that the air and 
.the winds are the same. 

Father. This is really the fact, as 
we shall prove on a future day. 

Charles. But I am not quite sa- 
tisfied that the ^.ir is such a body ^3 
you. have described. 

b2 
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Father. I do not wish to proceed 
a single step till I have made your 
mind easy upon this head. — You see 
how easily those gold and silver fish 
move in the water: can you explain 
the reason o£ it? 

Charles. Is it not by the exertion 
of their fins ? 

Father. A fish swims by the help 
of his fins and tail ; and fish in gene- 
ral are nearly of the same specific gra- 
vity with water. Take away the wa- 
ter firom the veatel, and the fish would 
have still the use of their fins and tail^ 
at least for a short period. 

Emma. And they virould flounder 
about at the bottom. 

Father. Now consider the case of 
Mrds^ how they fly; the swallow for 
instance, glides as smoothly along in 
t^e air, as fish do in the water: but if 
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1 were to put a bird, or even a butter- 
fly, under a glass receiver, however 
large, and take away the air, they 
yi^ould have no more use of their wings, 
than fish have of their fins when out 
of water. You shall see the experi- 
ment in a day or two : 



If tbis support 



►•"•■"^ __ 



Were wanting, all the feather'd tribes must drop 
The useless vi'mg, 

EUDOSIA, 

Emma. And would they die in 
this situation, as fiish die when taken 
fi-om their natural element, the war 
ter? . - 

Father. The cases are precisely 
similar: somte fish, as the carp, the 
eel, and almost all kinds of shell-fish, 
will live a considerable time out oi 

B 3 * 
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water ; so some creatures, which de- 
pend upon air for existence, will live 
a long tJihe^ in an* exhausted recieiver; 
a butterfly, for instance, will fall to the 
bottom appaJrently lifeless, but admili 
the air again into the receiver, and it 
will revive ; whereas experiments have 
been made on mice, rats, birds, rab- 
. bits, Sec. and it is found that they 
will live without g^ir but a very few 
minutes. 

Emma. These are very cruel ex- 
periments« . 

Father. And ought by no means 
to be indulged in ; they ioau be o&ly 
justified upon the presumption, that 
in the hands, aad under the direction 
of able philosophers, they may lead 
to di&ooveries of importance to the 
heaijth ai^ happiness of the human 
race. 
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Charles. Can fish live in water 
from which the air is wholly exqluded? 

Father. . Th^ air is, m fact , as ne* 
cessary to their existence as it is to 
^prs/ Besides their fin^> fish have 
the use. of .ail air-v^sel, which^g^ves 
them full command of their various 
motions in all de^s of water^ which 
their fins witbp.ut it would not be 

• • » 

equal to. . , . 

Emma. What do you mean.hyaxi 
air-vessel ? 

Father. It is a small bladder of 
air, so .disposed within them, that, by 
the assistance of their muscles, they 
are able to contract and dilate it at 
pleasure. By contraction they be- 
come specifically heavier tlian the wa- 
ter, and sink ; by dilatation they are 
lighter, and rise to the surface more 
readily. 
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Charles. Are these operations ef- 
fected by the external air ? 

Father. Very miieh so : for if you 
take a'w^ay the air frbm the water in 
which a fish is switriming, it' will no' 
longer' have the powfer of contracting 

tiie^ih"- vessel within, which will theii 

• . .... 

becotne so expanded' as to keep it ne- 
ceissdrily on the surface of the water, 
evidently to its great inconvenience 
and pain. 
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COKVEBSATION II. 



Of the Air-Pun^, 

EMMA. You have told us^ Papa, 
of taking away the B.ir from vessels ; 
will you show us how that is per- 
formed ? 

Father. I wijl ; and I believe it 
will be the most convincing method of 
proving to you that the air is such a 
b9dy a$ I have described. 

This instrument (Plate !• Fig. 1.) 
is called an air-pump, and its use is 
to exhaust or draw away the air from 
any vessel, as the glass receiver l k. 
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Charks. Does it act like the com- 
mon pump ? ^ 

Father. So much so, that if you 
comprehend the nature and structure 
of the one, you will find but little 
difficulty in understanding the other. 
I will, however, describe the different 
parts. iL A are two strong brass bar- 
rels, within each of which, at the hot- 
torn, is fixed a valve, opening up- 
wards; these valves communicate 
with a coii|pealed pipe that leads to 
K. The barrels include also movable 
pistons, with valves opening up- 
wards*. 

Emma. How are they moved ? » 

Father. To the upper parts of the 



1 

* The reader is supposed to have attended 
to the structure of the common pump, described 
Vol, in. Of Hydrostatics. Convers. XXt; 
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pistons is attached rack-work, part of 
which you see at c c : these racks 
are moved up and down by means of 
a little cog-wheel, turned round by 
the handle r. 

Charks. You turn the handle but 
half way round. 

Father. And by so doing, you 
perceive that one of tiie racks rises, 
and the other descends. 

Emma. What is the use of the 
screw, y ? 

Father. Ifserves to re-admit air 

*into the receiver when it is in.^ state 

of exhaustion ; for without such a con- 

4 

trivance, the receiver could never be 
moved out of its place, after the air 
was once taken from beneath it. But 
you shall try for yourselves. I first 
place a slip of wet leather under the 
c^ge of the receiver,, because the brass 
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plat^ is liable to be scratched, and tiie 
sttiallest unevenness between the re- 
ceiver and plate would prevent tiie 
success of our experiment.-— I have 
turned the handle, but a few times : 
try to take away the receiver. 

Charles. I cannot tnove it. 

Father. I dare say not: for now 
the greater part of the air is taken 
from under the receiver, consequently 
it is pressed down with the wei^ of 
the atmosphere on the outside. 

Emma. Pray explain how the air 
was taken away. 

Father. By turning the winch r 
half way round, I raise one of the 
pistons, and thereby leave a vacuum 
in the lower port of the barrel, and 
a portion > of the air in the I'eceiver 
rushes through the pipe into the ^emp*- 
ty barrel. I then turned the ivinch 
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the <^her way, wliich raised the other 
piston^ and a vacuum would be left 
k that barrel, did not anotiier por- 
tion of air rush itom the receiver into 
it 

Ckttrks. When the first pi&tm de- 
scended, did the air in the barrel 
open the little valve, and escape by 
the rack c ? 

Father. It did : and by the alter- 
nate working *of the pistons, so much 
of the air is taken away, that the quan- 
tity left has not force enough to raise 
the valve. 

Charles. Cannot you take all the 
air from the receiver? 

Father. Not by means of the air- 
pump. 

Emma. What is the reason that a 
mist comes on the inside of the glass 
receiver whHe the ait* is exhausting ? 

VOL. IV. c 
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Father. It is explained by the 
sudden ^expansion of the air that is 
left in the receiver, which we shall 
notice more particularly in our con- 
versations on Chemistry. The fact 
is described, as well as the general 
operation of the air-pump, by Dn 
Darwin. 

How, as in brazen pumps the pistons move. 

The raembraBe valve sustaiiis the weight above, 
8troke follows stroke, the gelid vapour falls. 
And misty dew-drops dim the crystal walls ; 
Rare and more rare expands the fluid thin» 
And silence dwells with vacancy within. 

Botanic Garuen, 

The last line alludes to a fact here- 
after to be explained*, namely, that 
where there is no air, there can be no 
sound. 

* See Convers. X. 
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Chark^. You have not told us 
the use of* the smaller receiver w, 
with the battle of quicksilver within 
it. 

. Father. By means of the conceal- 
ed pipe there is a communication be- 
tween this and the large receiver, and 
the whole is intended to show to what 
degree the air in the large receiver 
is exhausted. It is called the small 
barometer -gau^, the nieaning of 
whicli you will better understand 
wien the structure of the barometer 
4s explained.'^-J will now show you 
an experiment or two, by which the 
resistance of the air is clearly demon- 
strated. 

Emma. Are these mills (Plate i. 
•Fig. 2v) for the purpose? 

Father. Yes, they are : the ma- 
chine consist^ of two sets hi vanes, 

c 2 
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a and by made equally, and to move 
on their axes with the same ireedotxi. 
• Charles. But the vanes of a are 
placed edgeways, and those of b are 
breadthways. 

Father. They are so placed to 
exhibit in a striking manner the re- 
sistance of the atmosphere; for as 
the little mill a turns, it is resisted 
only in a small degree, and will go 
round a much longer time than the 
other, which, in its revolutions, meets 
the air with its whole surface^ By 
means of the spring c resting aga^inait 
the slider d in each miU» the vftoes 
are kept fixed. 

Emma. Shall I push dawn the 
sliders? 

Fatlier. Do so : ypu see that both 
set off with equal velocities, 

Charles. The mill b h evidently 
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declining in swiftness, while the other 
goes on as quick as ever. * ' 

Father. Nqt quite so : for in a 
few minutes you will find them both, 
afe rest. 
' No\^ w^ will place them under the 

• ' • • • 

receiver of the air-pump; ^nd by a lit^ 
tie coritrivance we shall be- able to 
set the mills a going aftef tlie air is 
exhausted from the receiver; and 
then, as there, is no, sensible resist- 
ance against them, they will both move 
round a considerable time linger than 
they did in the open iiir, and the in- 
stant that one stops, the other will 
stop also. . fj 

Emma. This experiment clearly 
shows the resisting power of the air. 
• Father, It shows also that its re- 
sistance is in prdportioii to the surface 
opposed to it: for the vane which' 

c 3 
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met and divided the air by the edgfi 
only, continued to move the looge^^ 
while they were both exposed to it ; 
but when that was removed^ they both 
stop together, because there is nothing 
now to retard, their motion, but the 
friction on the pivots, which is the 
same in both cases. Tate this* guineci 
and a featlier; let theip both drop 
from your hand at the B^me instant. 

Charks. The guin^ ip soon at 
rest at my feet, but the featlier conti-* 
nues floating abdut. Is the feather 
specifically lighter than air? 

Father^ No: for if it* were, it 
would ascend till ^t found the air no 
heavier than itself; whereas,, in a nii-r 
nute or two, you will see the featb^* 
on the floor as well as the guinea : it 
is however so light, and presents set 
Urge a sur&oe to the air^ in compavjr 



ton to Its weight, that it is cansidera*- 
Wy longer in falling to the ground thaii 
l^^vier bodies, 3uch as a guinea. 
Tafte away the resisting medium, and 
they will both reach the bottom at 

EMma. How will you do that ? 

father ^ Upoa- thii brass iflap (Plate 
t^ F%. 3») I pla£0 the guinea pad the 
isi^^ty ami bdviog turned up the flup, 
«[h{ fhut it if]rt:o a sioaU notch, I fix 
Ibr wbolis on a tall reoeiver, with a 
pfect €Kf wet leatber betwi^en the re^ 
ceiv^ and iMraSii. I \7iU now esiiawit 
iiie air from undtr the receiver, by 
Ipiaexng it over the airrpmnp, afid^if 
I turh the wire y^ a little, the flap will 
$lip dowff, and guinm and feather wUl 
fall whh iequal velocities : 



1 
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In perfect void 



All substances with like velocity 

pescend ; nor the soft down outstrips the gold^ 

' "' • •'■ ' '' EudosiaV* . 

Charles. They are both at the bot*- 
torn, but I did nor see tJiera fall- 

Farther. Whife I- repeat the e*pe- 
riment, you must took steadfastly to 
the ji>ottoni, because the distance is 
too small for you to trace their mo- 
tion ; but by keeping your eye at the 
bottom, you will see the feather and 
guinea arrive at the same instant. 

In this glass tube (Plate i. Fig. 4.) 
i% some water, but the air is taken 
away, and the glass completely closed. 
Turn it up quick, so that the water 
may fall on the other end. 

Emma. It makes a noise like the 
» stroke of a hammer. 
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Father. And for that reason it is 
usually called the philosophical ham- 
mer. The noise is occasioned through 
the want of air to break the fall : for 
if I take another glass in all respects 
like it, but having air enclosed in it, 
as well as water, you may turn it as 
of^en fi9 you please i^itli hardly any 
noise. 
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CONVERSATION III/ 



Of the Torricellian Eap^riment 

CHARLES, If by means of the 
air-pump you cannot perfectly exhaust 
the air from any vessel, by what means 
is it done? 

Father, This glass tube is about 
S6 inches long, and open at one end 
only. I "fill it very accurately with 
quicksilver, and placing my thumb 
oyer the open end, I invert the tube,* 
and plunge it into a vessel of the 
same metal, taking care not to remove 
my thumb till the end of the tube is 
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completely immersed in quick'silver.— 
You observe the mercury is suspend- 
ed in the tube to a certain height, and 
above it there is a perfect vacuum ; 
fMt is, in the six or seven inches at 
the upper part of the tube the air is 
perfectly excluded. 

Emma. Could not the air get in 
wheq you took away your thumb ? 

Fathe7\ You saw that I did not 
remove my thumb till the open end of 
the fube was wholly under the quick- 
silver, therefore no air could get into 
the tube without first descending 
through the quicksilver: now you 
know that a lighter fluid will not de- 
scend through one that is heavier, and 
consequently it is impossible that any 
air should be in the uppei' part oCihe 
tube 
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Charks. What makes the quick- 
silver stand at that particular height? 

Father. Before I answer this, tell 
me the reason why water cannot be 
raised by means of a common pump 
higher than about 32 or 33 feet? 

Charles. Because the pressure cff 
tl^ atmosphere is equdl to the pres- 
sure of a column of water so many 
feet in height*. 

Father. And the pressure of a 
column of quicksilver 29 or 30 inches 
kmg, a little mor^ or less according to 
the variation of the eir, is equ^l to the 
pressure of a colutnh of water 32 or 
33 f6et high, and conseqiJentiy eqtml 
to the pressure of the whole height of 
the aMk)S^phere. 

Emrka. I^ tben the meroury in the 

* See Vol. III. Convers.XXI. 
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tube kept suspended by the weight of 
the air pressing on that in the cup? 

Father. It is. 

Emma. ' If you could take .away 
the air from the cup, would the quick* 
silver descend in the tube? 

Father. If I had a recdver long 
.enough to enclose tiie cup and tube, 
and were to place them' on the air- 
pump, you would see the effect that 
a single turn of the handle would have 
on tbe mercury; and> after every few 
turns, the quicksilver in the tube would 
be nearly on a level' with that in the 
cup. 

I can show you by means of this sy- 
ringe, that the suspension of the^uick^ 
silvier, hi die tube is owing to notMttg 
but the pressure of the air« 

Sharks. / Wdiatis.tlieiEttniicCiirci of 

VOL. IV^ ^ 
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Ftxtker. If yoii understand in what 
manner a common water-squirt acts,: 
you will be at no loss about the sy- 
ringe, which is made like it*. 

Charles. By . dipping the smalt 
end of a squirt in water/ and lifting 
up the handle, a vacuum . b made, 
and then the pressure of the air on 
the surface of the water forces it into 
the squirt. , 

Father. That is the proper ex* 
planation. — ^This vessel D, (Plate i. 
Fig. 5.) containing some quicksilver/ 
and the smfell tube g f, 33 inches 
long, open at both ends, immersed in 
it, are placed under -a large receiver 
A B, the brass plate c, : .put upon it 
with fi piece of wet lather; Moiits the 
small tube td pasisr ihrou^Ttfpt h. I; 
i|viUv0owj«0rewf the:lByriAge .^ ^on the 

^ube gf^ and by lifting up ^'haii<»i>' 

« 
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I, a partial vacuum is made in the 
tube, consequently the pressure of the 
air in the receiver upon the mercury 
in the cup t> forces it up into the little 
-tube as high as a?, just in the same 
manner as water follows the piston in 
a common pump. 

Emina. But is not this rise of the 
iquicksilver in the tube owing to the 
suction of the syringe ? . 

Father. To prove to you that it . 
is not, I place the whole apparatus 
over the air-pump, and exhaust the 
air out of the receiver a b. This 
operation, you must be sensible, has 
not the smallest effect on the air in 
tlie syringe and little tube ; but you 
nevertheless observe, that the mercu^ i 
ry has again fallen into the cup d ; 
and the syringe might now be worked 
for ever without raising the mercury ^ 
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in the tube ; but admit the air into the 
receiver, and its action upon the sur- 
face of the quicksilver in the cup will 
force it instantly into the tube. ' 

This is called the Torricellian ex- 
periment) in honour of Torrkelli, a 
learned Italian, and disciple of Gali- 
leo, who invented it, and who was 
the first person that discovered the 
pressure and weight qi the air. 
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Of thePressure of tkt Air ' 
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CH4JiLES. It . seenis ycry surr 
prising tbat jtbe air, H'hicb is invis>ible, 
should pfoOuce' svch ef&cts as you 
baredesfcribed. 

Father. If you are not satisfied with 
the pvidence which your eyes are car 
pable of affording, you would perhaps 
have uo objection to the information 
which your feelings may convey to 
your mind. Place this little, glass a b, 
open at both ends (Plat^. i. Fig. 6.), 
pver the hole of the pump plate, and 
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lay your hand close upon the top b, 
while I turn the handle of the pump a 
few times. 

Charles^ ' It hupta mc very much : 
I cannot take my hand away. 

Father. By letting in the air, I 
have released you. The pain was oc- 
casionft(J. by the pras3pre of the air 
on the outside of your hand, that be- 
ing t^ken away from un^er it, which 
served td counterbalance itft weight. 

Thi« i^ a larger glass of the same 
kind (Plate i. Fig. 7.); over the large 
end, I tie a piece of wet bladder very 
tight, and will place it on the pump, 
ai|d take the air from under it. 

Emma. Is it the weight of air that 
bends the bladder ^o much ? 

Father. Certainly: and if I turu 
tbe hi^le a few more times it will 
burst* 
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Charies. It has made a report as 
loud ps a guiu 

Father. A poeca of thin %t giasf 
may he bi^oken in tticsaaie mann^ r.-r^ 
Here is a glass bubble a^ with ^ long 
neck (Plate i. Fig. ^JX ^hich I put 
iato a cup of water b^ aod place ttiem 
undev a reeeiver on the plate of' the 
air-.pump, and by turning the liandle, 
the ait is not only tak^ from the re** 
ceiver, but that in the hollow glass 
ball wil'l make its way through the wa<« 
ter and escape. 

Emma. I^ it tlie air which occasions 
the bubbles at the siir&ce of the wa« 
ter? 

Father. It is. Now the bubbling 
ia st^ppfed, ^nd therefore I know that 
as much of the air is taken away as 
caa be got out t>y means of the pump. 



The hollow bali ' is still empty : -but 
by turning the cock v of the pdinp 
(Fig. 1 .) the air pu^iiies into the recover 
land: presses upon^i the water, thereby ^ 
filling the ball wltfi^itHe fluid. /> 
:■' Charles. It b .not qaiteibll;. >l'r : 

Father. That is because the . air 
could not be perfectly exbaustedv and 
the Jitde bubble of air at the top, .is 
what, in its expanded state, filled the 
whole glass ball, and now by the pres* 
sure of the external air it is reduced 
into the size you see it. / ' i • , 

Another yery simple experiment will 
convince you that suction has nothing 
to do with these experiments. On the 
leather of the air-pump, at a little di- 
stance from the bole, I place lightly 
this small receiver a:, and pour a spO(»i- 
ful or two of water round the edge of • 
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it (Plate I. Fig. 9.) I now cover it 
-with a larger receiver a b^ and exhaust 
the air. 

Emma. I see by the bubbles round 
the edge of the small receiver that 
the air is making its way from under 
it. 

Chai'ks. I have pretty wetl ex- 
hausted all the air; can you move the 
large receiver ? 

Charles. No : but by shaking tiie 
pump, I see the little one is loose. 

Father. The large one is rendered 
immovable by the pressure of the ex* 
ternal air. But the air being taken 
frotn tlie inside of both glasses, there 
is nothing to fasten down the smaller 
receiver. 

Emma. But if suction had any 
thing to do with this business, the litr 
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tie receiver would be fast^ as well as 
the other. 

Father. Turn the cock v of the 
air'-pump quickly, You hear the air 
rushing in with violence. 
. Charles. And the large receiver 
is loosened again. 

. Fither, Takeaway tlie snaailer 
ofie, Emaaa. 

Emma. I cannot movje it^ith alL 
triy striehgth. : ' : - :. . ' . . 

Fathir. Nor collide you lift it up 
if you wefe a hundred times stronger 
than you are. For by admitting the 
ftir very speedily into the large re- ^ 
reiver, it pressed dpwn the little one 
•before any air could get underiieatJi 
it. 

Charles, Besides, I ima^ne you 
puft tlie watier roun^l the edge of thg 
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glass to prevent the air from rushing 
between it and the leather. 

Father. You are right; for air 
being the lighter fluid could not de* 
scend through the layer of water in 
Arder to as(^end into the receiver. — 
Could sdction produce the effect in 
this experiment? 

Charles. I think not ; because the 
little receiver was not fixed till after 
what might be thought suction had 
ceased to act. 

Father. Right: and to impress 
this fact strongly on your mind, I will 
repeat the experiment. You observe 
that the air l)eing taken from under 
both receivers, the large one must be 
fixed by the pressure of the atmosphere, 
and the smaller one must be loose, 
because there is no pressure on its out-* 
side to fasten it. But by admitting 
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the tdr, the inner one becomes fixed 
by the very means that the outer one 
16 loosened. 

Emma. How iviU you get the 
SiliaU one aw«^y ? 

Father. As I calinat raise it^ I 
must slide it over the hole in the bruss 
plate ; and now the air gets under it, 
there b not the smallest difficblib^. > 
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CONVERSATION V. 



Of the Pressure of the Air. 

CHARLES. Although suction 
has nothing to do in the experiments 
which you made yesterday, yet I 
think I can show you an instance in 
which it ba^. This experiment^ if 
such it may be called^ I bav^ niade 
Q hundred times. I fasten a.;|lriog 
in the centre of a round pie^e of 
leather, and having thorou^y 
soaked it in water, I press it on a 
flat stone, and by pulling. at the 
string the leather draws up the stone, 
although it be not more than two or 
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three inches in diameter, and the 
stone weighs several pounds. Surely 
this is suction. 

Father. I should say so too if I 
could riot account for it by the pres- 
sure of the atmosphere. By pressing 
the wet leather on the stone you dis- 
place the air, then by pulling the 
strings tacuum 18 left at the Ventre, 
and the pressure of the air about ^e 
edges of the leather is so great, that ' 
it requires a greater flower tliasi the , 
^ratoty of the stone to separftte them. J 
.'>ff'hdXfft«seen you drink water from | 
e e||ltiitg by means of a hollow straiv. 
> Emma. Yes, that is ^another- m^ 
stancet of what we have been accus- 
tomedc to caU suction. 

Futh^..h\A now you know, thtit 
in this operation you make a syringe 
with the straw and your lips, iand by 
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drawing in your breeidi you eause a 
Tacuum in tbe boUow straw tube, 
and the pressure of the .air on tbe 
water in the spring forces it up 
through the straw mta. the mouth. 

Charks\ I cannot, however, help 
blinking that' this looks, like suction, 
for the moment ^ I cease the drawing 
in my breath, tbe water ceases to rise 
in my mouth. > 

Father. That is, when there is no 
ionger a vaciium m the strah/r, tbe 
pressure within is Just equal' to that 
without, aA^ coqseguendy tbe water 
will rel^t^at Its iiatoral level. 

I will dhow- you ' anotli^r striking 
instance of the effects of the airs 
pressure. This instrument (Plate r. 
Fig. 10 ) is called the transierrer. 
The screw c fits on to the pla:le of 
tJie air-pump, and by^means of the 
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Stop-cocks G and h, I can take away 
the air from both, or either of the 
receivers I y k, a pleasure. 

Emma. Is there a channel then 
running from c through dab, and 
thence passing to z and y ? 

Father. There is, I will screw 
the whole on the air-pump, and turn 
the cock G, so that there is now no 
communication from c to the inter- 
nal part of the receiver i. At pre- 
sent you observe that both the re- 
ceivers are perfectly free. By turning 
the handle of the pump a few times 
the air is taken away from the re- 
ceiver K, and to prevent its re-en- 
trance I turn the stop-cock d. Try 
if you can move it^ 
: Charles. I cannot; but the other 
is loose. 

Father. The pressure of the at* 
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m?ispfbefe is evidently the same oh 
tfre two receivers; but with regard 
to the glass I, the presstrrd ^ vitbtn vii 
eqiiat to that without, and the giass'id 
fr^e: In the otlier, the pressure firorii 
within is taken awa}% and the glass ia 
fixed. In this stage of the eKperi^ 
fnent vou are satisfied that th^d is a 
vacuum in the receiver k. By turn* 
ing the cock g^ I open a comrnunica^ 
tion between the two receivers,, and 
yoa hear the air tiiat was in i iTish 
throUs^h the channel a b into c Now 
try to movef^fie glasste; , ^ 

Bmyka, They ar& botfe fixed: 
bow IS' this? '; . : 

FathK Tlieair thali'vrascncloarf 
in the glass r is equally! diffbaed be* 
tween the two, consequently the in- 
ternal pressure bf neither is. equal to 

' E 3 



the external, and tiierefore they are 
both fixed by the excess of .the ex- 
ternal pressure over the internal. In 
this case it could not be auctiqn that 
fixed the glass i, for it was free long 
after what might have been tliought 
suction had peased to act. 

CkSrks. What are these brasa 
cups? (Plate I. Fig. II.) 

Father. They are called the he* 
mispherical cups ; I H^ill . bring the 
two, B, A, together, with a wet leather 
between them, and then screw them 
by D to the plate of the air«*pump : 
and having exhausted the air from 
the inside, I turn the stop-cock £, 
take them from the pump, and screw 
on the handle v. See if yoa two can 
separate them. 

Emma* We cannot stir them. 
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Father. If the diameter of these 
Clips were four inches, the pressure to 
be overcome would be equal to 180lb. 
I ti'ill now hang them up in the re- 
ceiver (Plate I. Fig. 12.) and ex-' 
haust the air out of it, and you see 
they separate without the application 
of any force* 

Charles. Now there is no pressure 
on the c\ptside, and therefore the 
lower cup falls off by its own gravity. 

Father. With this steel-yard 
(Plate II. Fig. 13.) you may try 
v€ty accurately to wliat weight the 
pressure of the atmosphere against 
the cups is equal* 

Emma. For when the weight w 
is carried far enough to overcome 

* The principle of the steel-yard is ex- 
plainedy Vol. I- of Mechanics. Convers. XV- 
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the pressure of the cups, 5l lifts up the 
top one. . •' 

Father. I have exhafu^ted the air 
of this receiver h (Plate ii: Fig. l4.), 
consequently it is fixed down to the 
brass platte i ; to the plbtls is joined a 
small tube with h stop-cock t; by 
placing the lower end of ' the tube 
in a betson of water, and turning the 
cock, the pressure of the atmospJiere 
on the water in the bason 'forces it 
through 'the 'tube in the form of a 

fountain. "^ 'This is called^ the fountain 

■'•.»'■ ^ 

m vacuo. '^ ' • 

To this little square 'bdttle a 
(Plate ir. Fig. 15.) is cemented a 
screw valvcf, by which I can fix it 
on the plate of the air-pump, and 
exhaust its air : and you will see that 
when there is no powtjr within to 
support the pressure of the atmo- 
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sphere from without, it will be broken 
into a thousand pieces^ 

Charles. Why did you not use a 
round phial? 

Father. Because one of that shape 
would bi^ve sustained the pressure 
like an arch. 

Emma. Is that the reason why the 
glass receivers are able to bear such a 
weight without breaking? 

Father. It is. If mercury be 
poured into a wooden cup c, made of 
willow, which is a vary poftHis kind 
of wood (Plate ii. F|g» 16.), and the 
air taken from under it, the mercury 
will, by the weight of the external air, 
be foi'ced through the pores of the 
wood, and descend like a shower of 
rain. 
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CONVERSATION VL 



Of the Weight of Air. 

EMMA. We have seen the sur- 
prising eflfects of the air's, pressure, 
are there ai^« means of obtaining the 
exact u*lght<tfl» air? - 

Father, 'T3f «||Di do not require any 
very ^eair«iliGtty, the method is very 
simple. • »' ^_ 

• This Florencd^flask (Pfateir. Fig. 
•17.) is fitted up ^ith a screw, and a 
fine oiled silk valve at d. I Mil^^Ky^r 
screw the flask on the plate of the 
air-pump, and exhaust the air. You 
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s£€| in its present exhausted state, it 
m^e^hs 3 ounces and 5 grains^ 

Churks. Cannot the «ir get 
through the silk? • , 

Father. The silk, being vgrRiahed 
with a kind of oily substa^t^, .¥i.*inn* 
penetrable to air; and, being exh^st- 
ed, the pressure upon the out^i^^ eir 
fectuaUy prevents the entrance of the 
air by the edges of the silk ; but if I 
lift it up by means of this sewing* 
j^edle, you will hear the air rush in. 

Emma. Is that hissing noise occa- 
^oned by the re-entrance of the air ? 

Father. It is:" and when that 
ceases, you naay be sure the air w ithin 
the bottle is of tlie same density as 
that without. 

. . Charles. If I weigh it again,, the 
difference betwj^eii 'the V^^jeigtit now., 
wd wbw you Hfi^ti.ii-fepfore, is tl)e 
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tveight of the quantity of air contained 
in the bottle: — it weighs very accu- 
lately 3 ounces 19^ grains, conse- 
quently the air weighs 14^ grains. 

Father. And the flask holds a 
quarti wine-nr)easiire. 

£mtna. Does a quart of air always 
weigh 14^ grains? 

Father. The weight of the air 
IS perpetually changing; therefore 
though a quart of it weighs to-day 
14^ grains, the same quantity niay, in 
a few hours, weigh 14^ grains, or per- 
haps only 14 grains, or more or less. 
The air is much heavier this morning 
than it was at the same time yesterday. 

Charles. How do you know that ; 
did you weigh some yesterday? 

Father, No: hut the rising and 
falling of the quicksilver in the baro- 
meter/ an instrument which I shall 
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hereafter very particularly describe, 
are sure guides by which the real 
weight of the air is estimated: and 
it stands full three tenths of an inch 
higher now than it did yesterday. 

Emma. Will you explain hoiv we 
may judge of the different weiglits*of 
the air by the barometer ? 

Father. This subject might, per- 
haps, be better discussed when we 
come to treat explicitly on that instru- 
ment ; but I will now answer your in- 
quiry, althpugh I should be in some 
danger of a repetition on a future day. 

The mercury in a well-made baro- 
meter will always subside till the 
weight of the column be exactly 
equivalent to the wieight of the ex- 
ternal air upon the surface of the 
mercury in the bason, conisequentjy 
the height of the mercury is a sure 
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» • ' * . • 

crite4p^i, by which that weight is to be 
e3^maJ5c(1.7^Suppo3e, for example, the 
bi^pipet^r $l;iands at ^9^ inches, or, as 
it is usuedUlj enpressed, at £9*^> and I 
find a quart of air at that time weighs 
14t grains. Here .then is a standard 
by which I may ever after compare the 
f2;ravity of the atmosphere. If to- 
morrow I find the quicksilver has 
fallen to 29- 3, I shall know the air is 
not so heavy as it was ; because, in 
this case, a column of quicksilver, 
29. 3 inches, balances the whole weight; 
whereas it required before, a column 
equal to 29-5. If, on the contrary, 
when I look again, the mercury has 
risen to 30.6, as it really stands at this 
hour, Sept. 29, 1805, I am sure the 
tttiinosphere is considerably heavier 
thap it was before, and that a quart of 
4t,fWiU weigh much more than 14^ 
grains. 
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Charkjf. You intimated that in 

• 

weighing air the flask could not be de^ 
pended upon if great nicety were re- 
quired ; what is the reason of that? 

Fatlier. I told you, when explain- 
ing the operations of the air-pump, that 
it was impossible to obtain, by means 
of that instrument, a perfect vacuum. 
The want of accuracy in the flask ex- 
periment depends on the small quan- 
tity of air that is left in the vessel after 
the exhaustion is carried a^ far as It 
•will go : this, hoxtever, if the pump 
be good, will, after 12 turns of the 
handle, be less than the 4000th 'liart 
of the whole quantity.' ' - ' ' ''•' y-» 

Emma. How do'yd" ^^^^f t*^^'*^* 
Father. Y6u icettx unwilliti^ ^fi 

tak6 any thing upon my word ; "ann'tn 

subjects of this kind you do right; ne- 
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ver to rest satisfied without a reason 
for what is asserted. 

I suppose, then, each of the barrels 
of the air-pump is equal in capacity 
to the flask ; that is, each will contain 
a quart; then it is evident, that, by 
turning the handle of the pump, I ex- 
baust all the air of one barrel, and the 
air in the flask becomes at the same 
time equally diflnsed between the bar- 
rel and flask ; that is, the quart is now 
divided into two equal parts, one of 
which is in the flask, and the other in 
the barrel. By the same reason, at 
the next turn of the handle, the pint 
in tlie flask will be reduced to half a 
pint ; and so it will go on decreasing, 
by taking away, at every turn, one 
half of the quantity tliat was left in 
by the last turn. 

Charks. Do yoi| mean then, that 
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after the first turn of' the handle, tire 
air in the bottle is twice as rare &^ it 
was at first; and after the secofid, 
third, and fourth turns, it is four tirrr^s, 
eight times, and isncteen times as rare 
as it Was when you began? 

Father. That is what I meant > 
carry onr your multiplication, and*you: 
will find that ifter* the twelfth torn it 
is 4096 times more rare ihan it was 
at first. • ' 

Emma. I now understand that, 
though absolute exactness be not At- 
tainable, yet, in weighing this quart of 
air, the error is only equal to the 

* " • 

4096th- part of the whole, whicli 
quantity may, in reasoning on th^ 
subject, be overlooked. 

Jtather. I will exhaust the ffask 
again of its air, and putting the neck 
of it under water, 1 will Utt up the 

f3 
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silk valve, and fill it with water. 
Now dry the outside very thoroughly* 
and weigh it. 

Ckarks. It weighs 27 ounces. 

Father .Subtract the weight of the- 
flask, and reduce the remainder into 
grains, and divide by 14^, and you 
will obtain the specific gravity of w^ater 
cooQpared with that of air. 

Charles. I ha,ve done it, and the 
water is something more than 800 
times heavier than air. 

Father. Since, then, the specific 
gravity of water is always put at 1, 
that of air must be as t^^th, at least 
according to this calculation ; but fol-. 
lowing the more accurate experiments 
of Mr. Cavendish and others, whose 
authority may be safely appealed to, 
the specific gravity of air is 800 times 
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less than that of water, when the ba- 
rometer stands as high as 30 inches. 

Can you tell me what the air in this 
room weighs ? the length of the room 
is 25 feet, the height 10^^, and the 
width 12^? 

Emma. I multiply these tbree^ num- 
bers together, and the answer is 3281 
,25 ; or the room contains a little 
more than 3281 cubic feet: now a 
cubicfoot of water weighs lOOOounces, 
therefore the weight of the roomful! 
of water would be 3,281,000 ounces ; 
but air being 800 times lighter than 
water, the air in the room will weigli 
3,281,000 -r- 800=4101 ounces = 
2561b. 5oz.' It seems however sur- 
prising'that the air, which is invisible, 
should weigh so much* 
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CONVERSATION VIL 



Of the Elasticity of Air, 

FATHER. ^ I have told you that 
air is an elastic fluid. Now it is the 
nature of all elastic bodies to yield to 
pressure, and to endeavour to regain 
their former figure as soon as the 
pressure is taken off. In projecting 
an arrow from your bow, you exert 
your strength to bring the two ends 
of the bow nearer together, but 'the 
moment you let go the string, it re- 
covers its former shape: the power 
by which this is effected is called 
dasticity. 
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Emma. Is it not by this power 
that India-rubberi after it has been 
stretched^ recovers its usual size and 
form ? ^ 

Father. It is: and almost every 
thing that you make use of possesses 
this property in a greater or less de* 
gree: balls, marbles, the chords of 
musical instruments, are all elastic. 

Charks.^ I understand hovir all 
these things are ekstic : but do not 
see ii> ^hat manner you can prove 
the elasticity of the air*. 

Father. Here is a bladder, which 
we will fill with air, and tie up its 
mouth, to prevent its escaping again. 
If you now press upon it with your * 
hand, its figure will be changed; 

* See Vol. I, of MecLaaics: Convers. XHT* 
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but the moment tbe pressure is re* 
iDCtyed, it recovers its rpuod shape* 

Emma. And if I throw it on the 
ground, or against any t)ther obstacle, 
it rebounds, like a baH or marble. 

Father. You are satisfied also, I 
presume, tliat it is the air which is the 
cause of it, and not the bladder that 
contains it. 

Let us have recourse to the air- 
pump to exhibit some of the more 
striking efiScts of the air's elasticity, 
I will let a part of the air out of the 
bladder, and tie up its mouth again. 
The pressure of the external air rea- 
ders it flaccid, and you may make 
' what impression you please upon it, 
without its endeavouring to re^assume 
its former figure. 

Emnta^ What proof is there that 
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4liis is owing to the external pressure 
of the air ? 

Father. Such as will satisfy you 
both, I am sure. Place it under the 
receiver of the air-pump, exhaust the 
air, a,nd see the consequences,^ 

Chfirlcs, It begins to swell out; — 
•and now it is as large as when it was 
blown out full of air. 

Father. The outward pressure 
bebg in part removed, the particles 
of air, by- their elasticity, distend, 
and fill up the bladder; and if it 
were much larger, and tlie exhaus- 
.^»i Uere eariied farther,- the same 
small quantity of air would fill :it 
. c<»mplel%ly . 1 will nO(v l^tbe nir in 
again. 

Ewma^ This cxhibite a very sl3!tk- 
ing proof of tbe power atid pressure 
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of the external air, fot the: bladdar is 
as flaccid as it was before. ,^ . 

. Father. I put the same hladder 
into this square, box without any 
alteration, and place upon it a move* 
able lid, upon which I put this 
weight. By bringing the whole un- 
der a receiver, and exhausting ^e 
external air, the elasticity of that in 
the bladder will lift. up the lid and 
weight together. 

Charks. If you pura,p.mucb moce^ 
the weight will fall against the side of 
the glass. . : 

Father, el do not soean to.dfd^ 
that :'~it - is . eoough that yon iee ^ 
few grains, not .half a do^n, of air, 
will, by their elasticity, raise and 
s^istain a weight of several pounds. 

Take Ihis gla£is imbble (Plate rt. 
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Fig. 8.): the bore of the tube is too 
small for the water to run out; but 
if I place it under the receiver of the 
air-pump, and take away the external 
air, the little quantity of air which is 
at the top of the glass, will, by its 
elastic force, expand itself, and drive 
out all the waten 

Emma. This experiment shows, 
that a very small quantity of air is 
capable of filling a large space, pro* 
vided the ext^nal pressure is taken 
off. 

Father. Certainly : I will take off 
the bladder from tiiis glass. (See Plate 
iii« Fig. 18.) The little images all 
swim at tht topi the air contained iii 
them rendering them rather lighter 
than the wntar. Tie little leaden 
weights to thdur feet, these pull -them 
down to the bottom of the vessel : I 

VOL. IV. o 
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€koyv plaice the gl«9s under the receiver 
of the air'-pump, nad by exiia listing 
4he air: from the ve^d^ that which is 
\«ithin the images, "by its elaaticity, 
expaads itself, forces out more water, 
\ and yoii see they are asoeudrng to 
the top» dra^hig. the weights i after 
them. I will let in :the air, aud the 
pressure forces the water into the 
images- ag^in, and tliey descend* 

HeriB is an a^ple very much shri- 
velledy x\i)sch$'>'vtiiQnipbiGC9d under tiie 
receiver, and the externaLair taken 
away^ Avilb dppear «lscjpluinp as if it 
were •Iie3tvly-gafcfaercdifp0iii''the treei 

Emmal Indeed M i^OM. iodks .so 
ihvititi^ thattl am nfiUlj? ttx wisli it 

ru>J&^Aen?'.iBefcre, hoifBtei^iisrouucdn 
igetiU,t!aii[ it» lie^u^ Witt fitdid.^ J itriii 
ladaiitthc^rdgaioGL'r'^J e^J ..J i.v i 
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Chariei^ It is as shritelltd as ever. 
Do afi^esi contaki air ? 

F^ahcrl Yes, a great deal; a^d 
so, in fact, do almost all bodies that 
are spetificaMyilighterttan water, as 
well as many tbat are not ^o. It was 
the elastic power of the air witiiio the 
^pple, tbat forced oat all the shrivelled 
parts when the external pressure was 

taken away. 

Here is a small glass of warm ale, 
from which lam going to take away 

the air. 

Emma. It ;seem3 to boil now you 
exhaust the air fwm the receiver. 

FMker. Xlie bobbUng is caused 
by the air endeavouring to escape 
from the Bquor. Let the air in again, 
and tlien taste the beer. x 
. . Charles. It is flat anidead. 

Father. , You see of >5ihat import- 

G 2 



64 PNEUMATICS. 

« 

ance air is to give to. aU our liquors 
their pleasant and brisk flavour, for 
the same will happen jto wine and all 
other fermented ^uids. 

Emma. How is it that the air, 
when it was re-admitted, did not 
penetrate the ale again ? 

Father. It could not insinuate 
itself into the pores of the beer, be* 
cause it is the lighter body, and 
therefore will not descend through 
the heavier. Besides, it does not fol- 
low that it is the same sort of air 
which I admitted into the receiver^ 
that was taken from the ale. 

Emntd. Are there more kinds of 

r 

air than one? 

Father. Yes, very many; as we 
shall shqw you in our Conversations 
on Chemistry*, That which I took 

♦ See Dialogues in Cfcemistry, Vol» L 
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from the beer, cnii itfekll giii^s 1 1> th^ 
brisk and lively taste, b caite^iiked 
air, or earbonic ' acid • glis^ oT ithlcli 
there is, in gefiefal, buf a ^ei>y tti\^\\ 
<)Uiintity in the ^ttno&ph^He; ' ^ 

The elasticity, or spring of air,- con- 
tained in OUT Hesiii t^^as clearly shown 
by ifti€5 experiment, when I Ji^umped 
the air from under your hand; 

Chartes. Was that the cause of its 
swelling downward ? 

Father. It was : and it will ac- 
count for the pain you felt, which was 
greater, and of a very dfffe'reftt kind, 
than wtet you would have "fecperi- 
enced by a de4d weight beiig laid on 
the back of your hand, equal to the 
pressure of the air. 

Cupping is an operation performed 
on this principle: the operator tells 
you he draws up the flesh j but if he 

G 3 
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were to speak corrocttyi he iirould say, 
he took away the external air from off 
the part: of the body, aod then the 
elastic force pf the air within extends/ 
and swells, out the flesh ready for ;ht$ 
lancets, 

. JEmma. When I saw you cupf>edi^ 
he did not use an air-pump, but little 
glasses, to raise the flesh. 

Father. Glasses closed at top are 
now generally made use of, in which 
the operator holds the . flame of a 
lamp : by the heat of this the elasticity 
of the. air in tl>e glass is increasedt 
and thereby a great part of it driven 
out. In this state the glass is put on 
the part to be cupped, and as the in- 
ward air cools, it contracts, and the 
glass adheres to the flesh by the dif- 
ference of the pressures of the internal 
and external air. 



. By some persons, however, Ihe 
syringe is considered aS tbe most ef- 
fectual method of pefformkig ' tbe 
opemtioti, because by flame tiie air 
cannot be rarified more than one half; 
whereas by the syringe a few strokes 
will fi^arly exbe^ast it. 

Here is another little square bottle 
like that before mentioned (Plate ii. 
Fig, 1^.), only that it is full of air, 
aod the mputh sealed so closely that 
none of it can escape, I enclose it 
within the wire cage B, and in this 
state bring tbeih under life receiVfcr, 
and exhaust the external aii% 

Charles. With what a loud report 
it has burst ! 

Father. You can easily conceive 
now in what manner this invisible 
fluid endeavours continually, by its 
elastic force, to dilate itself. 
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^\Emma. Why did you. place the wire 
eige over the bottle ? 
• 'Wather. To prevent the ' pieces of 
the bottle from breaking the receiver, 
an ':iiccident that ^ould be liable to 
kappen without this precaution. 

Take a new-laid egg and tnake a 
small hole in th^ little end of it, then, 
with that end downwards, place it m 
anale<gla8s under the receiver, and ex- 
haust the air; the whole contents of 
the egg will be forced^ont into the 
glass, by the elastic sprfng of the small 
bubble of air wbieh iis always to be 
found in the large end^ of a new-laid 
egg. • 
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CONVERSATION VIII. 



Of the Compression of the Air, 

FATHER. I have already al- 
luded to the compressibility of air, 
which it is proper to describe here, it 
being a consequence of its elasticity : 
for whatever is elastic, is capable of 
being forced into a smaller space. In 
this respect air differs very materially 
from other fluids. 

Charles. You told us, that water 
was compressible in a very small de-* 
gree. 

Father. I did so : but the com* 
pression, wliich can be effected witl^ 
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the greatest power, is so very smalf, 
that without the greatest attention 
and nicety in conducting the experi- 
ments, it would never have been dis- 
covered. Air^ however, is capable 
of being compressed into a very small 
space compared with what it naturally 
possesses. 

Emma, The experiment you made, 
by plunging an ale-glass with its 
mouth downwards, clearly proved 
that the air which It contained was 
capable of being reduced into a 
smaller space. 

\ Father. This bended tube a i c 
(Plate II. Fig. 18.) iS' dosed at A 
and open at c. It is in the common 
state, full of air. I iiht pour into it 
a little quicksilver just sufficient to 
cover the bottom a b: now the air 

m 

in each leg is of the same density^ 
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and, as that contained in a b c'aiWQ^ 
/escape^ becaqse the lighter jSuid wiH 
be always upperiuosti^ when I pour 
more quiek^lver in at c, itsi if^igbt 
Mr ili condense the air ip thf^Mg A B*; 
fyr the air which filled the whok 
length of the leg is, by .|he iveight 
of the quicksilver in ^ fi, pfjdssed into 
the sinaller space a ^^ ^vbiqh space 
will be diminished as the Height is 
increased : so that by increasing tli^ 
length of t^he column of mercury in 
c B, the air in the other leg will be 
more, and more condensed. Hence 
we lecurn that the eUstic spring of ak 
is always, and under all QJrcum- 
stances, equal to the force which com- • 
presses it. , 

.CAarles, How is tfeaf ^ned ?. 

.F^tkir..li the ^^m% wrtb .wj»ch 
the air endeavours to Q;|j?jBwid^'it^eif 
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wlien it 19 compressed, were less than 
the compi^ssing force, it must yield 
still farther to that force; that is, if 
the sprbg of the air in a j? were less 
than equal to the weight of the mer- 
cury in the other leg, it would be 
forcc^ into a yet smaller space ; but 
if the spring were greater than the 
weight pressing upon it, it would not 
have yidded so much; for you are 
well aware' that action and re-action 
are equal, and act in (Opposite direc- 
tions. 

You can now easily understond 
why the lo\yer regions 'of the atmo-- 
sphere are more dense than those 
higher. 

Emma. Because they are pressed 
upon by 'all the air that is above 

» 

them, and theri^fore condensed into a 
smaller space. 
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- Father. Consequently the air growB 

.^dually thinner, till at a considerable 

liei^t it may be conceived to degener» 

. Kte fo nothing; The diilerent deiisi- 

4ies. of the air may be illustrated by 

copeeiving twenty or tluiTty ^qual packs 

of ' wool placed one upon another*: the 

lowest will be forced mXo\ l@$s i^pace, 

ttiat is^its parts will be bi^o^ht nearer 

together, and it w;^li be n)6rd dense, 

than.the next; and that will be more 

dense than the third from the bottom, 

and so od till you come to the upper* 

most, which sustains no other pressure 

than that occasioned by the weight of 

the incumbent air. 

Let us now see the effects of con-^ 
densed air, by meaiis of an artificial 
fountain. This vessel is made €f 

V.0I« IV. s Vk 
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fitroBg copper (Plate lu Fig. iP-^and 

«.b(^qt half full. of tvater. With a i»y- 

jrioge that; screws to tke pipB B a I 

force a^Qonsidlarabl)^ quwtity of ait* into 

t][)eiv€|9ml, $Q tbctt it b very lOUch cotf- 

;diBO§^dr JBy turning the itop^'Cwit B 

w^ile jitajlie off .ithfi syiinge, no water 

G^uai^oape,; sm& anstead of: the dyringe 

I, pi^t. qn^ jetj or'Vtiry sniaH tube^ after 

whi^h Ibe atop^ccick id tilmed, atid the 

«prf)^ W^ i t)f t;be cbndepsed . air forceis 

jtl^. .water through the tube to a very 

^rj^t:bei^ht*r, 

: jCA^r/^^, v,Do you know horw high 
;it9^Gtodsf s . ' , «; - 

Father. Not exactly : but Qfi the 

J3fi^iiftlh pressure of :tlie. air will raise 

>al0ii i 33: feet, so if by. candensation 

iS^ 0I69frure' bi tripled^. it will rise 66 

feet. 
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Emma, : Why tripled ? Qqgkt it; 
QQt risQ tp this ^height by a double 
pressure? * 

FatfuBT. You forget that there is 
the common pressure always acting' 
against, and preventing the ascent of^ 
the ivater, therefore besides a force* 
TTSthin to balance that without, there 
iBuiat be a double pressure. - 

Charles. Yiq described a syringe 
t<^ be tike a common water-squirt, how' 
are ydii abte by an instrument of this-^^ ' 
kind to force in so great a quantity of 
air? will it not return by the same^ 
way it is forced in ? ^ 

• Fathtr, The only dliffererice be- 
tween a condensing syringe and' a* 
squJit ilB, that, in th<B former, there 
is a valve that ^pcitfs downwards, by' 
\fhlGh air may be* forced through it,' 
but the instant that the downward 
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pressure ceases, ttie valve, by meaas 
of a sjtrcHig spring, shuts of itself, so 
that none ^an return. 

Emma. Will not air escape back, 
durjing the time you are forcing in more 
of the external air ? 

' Father. That would be thfe case if 
the syringe pipe went no lower than 
that part of .the vessel which contfians 
ti)e air, bpt it reaches t9 a considerkble 
depth in the water, and ^s it cantiot ^ 
4n(j[ \^ w^y back up t^e pipe, it mu$t 
ascend throiigh the wlater, and caUse 
tbaf; pressure upon it whjch has been 
described. 

Cfhqrles. To what extent can &ir 
bie coippnessed ? 

Father, li tl^e apparatjus be strj$ng- 
eiiougb, ^nd a sufficient powj^r; ^p-- 
plied, it may be . cpndeqsed several 
thousan4 fixijes; that js^ p. yessej 
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m 

^hioti wiU coutaia 9 g^lon of air in its 
jeMaiml staito i&ay b^ mode to contmo 
^vei^l thousand galH^qs. 

By means of a fountain of this 
Idodi ypuag pciop)^/ like yomsdres, 
may . a^cdve mueb enterfc*inuient 
wkf) poly It f(W ad(Jitiojfial jets, 
ifiFJbich an& mnAe tq screw on and offr 
QIl^ ^ind i3 ^O £^nied that it will 
tlirow up and sustain on the stream 
a tilttle cork ball, scattering the water 
^U round. Anotb^r is ipade m th0 

ft 

fyrm .of a. gjobe, pierced with a grea£ 
auaibor of boles, aU tending to tbf^ 
^imtre, exhibiting a very plea$i{ig 
spbere of water* 'One is cootrivedl^ 
to show, in a neat manner, the com* 
poskion and resolution of &>rces ex* 
plained in our first volume"*. Some 

* See Vol. 1. Of ^Mechanics. Convers. XIIL 

H 3 
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will form cascades ; and \fy others yon 
may, when the son shines at a certaiii 
height ip the heavens, exhibit artificial 
rainbows ^. 

We will now force in a firesh supply 
ti air, and try some of these jets. 

Emma. I observed in the upright 
jets, that the height to which the water 
was thrown was continually dimidish- 
ing- 

Father. The reason . is this ; that 
in proportion as the quantity of water 
in the fountain is lessened, the air has 
more room to expand, the compression 
is diminished, and consequently the 
pressure becomes less, till at length it 
18 no greater witiiin thaa it is without, 
and then the fountain ceases altOr 
gether. 

> 

f This phenomenon is described and ex- 
plained in Vol. V, Convers. XVIIL 
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CONVERSATION 1}^. 



JHfiscellaneous Experiments en the 
JirrPump, 

FATHER. I shall, to-day, exhibit 
a few experiments, without any regard 
to the particular subjects under which 
^hey might be arranged. 

In this jar of water I plunge some 
pieces of iron, zinc, stone, &c. and 
jrou will see that when I e^^ust the 
external air, by bringing the jar un-r 
der the receiver of the air-pump, the 
elastic spring of air contained in the 
pores of these solid substances wiU 
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force them out in a multitude of 
globules, and exhibit a very pleasing 
spectacle, like the pearly dew-drops 
on the blades of grass ; but when I 
admit the air, they suddenly disap- 
pear. 

Emma. This proves what you told 
us a day or two ago, that substances 
in general contain a. great deal of 
air. 

Father. Instead of bodi^ of this 
kind, I will plunge jn sonti^, vegetable 
^ubstancesi a piece or tvvo iof the stem 
of, beet-root, angelica, &c. \and now 
observe, when I have exbisiustad the 
receiver, what a quantity of ur is 
forced out of the little vessels of these 
piants by means of its dkastacity. 

Charks. From this experunent Wip 
may coiiclude that air m^e^. no eipall 
part of all vegetable substuce^. 
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Fathtr^' To this piece of cork, 
which of itself would swim on the sur* 
face of water, I have tied some lead, 
just enough to make it sink. But by 
tallying off the external pressure, the 
cork will bring the lead up to the sur« 
face. 

Emm. Is that because when the 
pressure is taken off, the substance 
of the cork expands, and. becomes 
specifically lighter than it >^as be* 
fore? 

Father. It is : this experiment is 
varied by using a bladder, in which 
is tied up' a vety small ^antity of 
air, and sunk in water; for when, 
the external pressure is removed, the 
sprittg of air within the bladder will 
^pwd ijt, make it specifically lighter 
than waler^and bring it to the sur^ 



^The next eicp^iment shaws that 
theasceht of stnokeartd' vapours de- 
pends on the air. I'lvill bbw 6ut 
tt)i8 candle, and piit • it under the 
peciiver; th^ etnokenov^ 'rises to- 
the top; but as soon as the air is 
cxjiausted to a certain degree, the 
sinokd xkscendS; like all other ^lieavy 
bodied* * ^ 

Ctmrles.* Do stnobe- abd vapours* 
rise because t^y^afe lighter than th« 
surrounding air ? ' ^ 

Patliefi'^^ , Tiiat is th^ rioiasoa : some- 
times y<9Ki see i^tiioke from-a chimney^ 
rise yeiry pterpendicylarly iq a; long 
column j'^thdaii" th^ is tery -h^avy : 
at othW>times ydu may «ee« it de*. 
soend* whidh is a proof that the^dent 
sky of the atmosphere is Verymu^h 
diminished, and. is, in • fact, i^ss- than* 
that oil the smoke. And at all times 
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the smokii lean astead d6 higher than 
\vbere it me^ts with air of a /deh^ty 
tqudi. to itselfi bxA thdre it will spread 
aboift li&e a cloud. 

, This figure (Platfe n. Fig. 20.) is 
lisiiaUy called the lungsf glas$ : a blad- 
der is tied close abdut the little pipe 
a^ which is screwed inu> the bottle a. 
N I introduce it under .the receiver a b, 
aqd b^in fo exhaust the a&r of the 
rec<^iv^, and that in the bfiadder 
comtnunicating with it, will also be 
'withdt^wti; the elastic force . of the 
air in, the bottle a will now press the 
bladder to the J&rivielled slate repre- 
senteid in> the * figiire : I w|ll adxdt 
the air, which expands the bladder.; 
utjid • thus by alfieniat^iy exhauiting 
and re>adinitting the ail*, Z show, tbe 
'actioh of the : \imf^ in btrejotfaing. 
But perhaps vth^jfeUbwing esperl- 
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ment will give a better idea of the 
subject (Plate ii. Figs. SI and 82.)- 
A represents the lungs, b the wind- 
pipe leading to them, which is closely 
fixed in the neck of the bottle, from 
which the air cannot escape : d is a 
bladder tied to the bottom^ and in its 
distended state (Pig. S 1 .) will, with the 
internal cavity of the bottle, represent 
the cavity of th6 body which surrounds 
the lungs at the moment you have 
taken in breath : I force up d (as in 
Fig. £S.)> ^nd now the bladder is 
shrivelled by the pressure of the ex- 
ternal air in the bottle, and represents 
the lungs. Just at the momient of expi- 
ration. 

£mmai Does Fig. AI. show the 
.^ftate oif the lungs after I have drawn 
in my breath, aiKliFig.. S& wfaen^ I 
•hftva thrown it out forcibly r . * 
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Father. That is what the figures 
are intended to represent, and they are 
well adapted to show the elevation 
and compression of the lungs, although 
I do not mean to assert, that the 
action of the^liingd in breathing de- 
' pends upon air in the same manner as 
that in the bladder does upon the air 
which is contained in the cavitvof the 
bottle, 

I have exactly balanced on this 
scalp-beam a piece of lead and a piece 
of cork : in this state I will introduce 
^;hem under the receiver, and exhaust 
the air, 

Charles. The cork npw seems to 
be heavier than the lead. 

Father. In air each body lost a 
weight proportional to its bulky but 
when the air is taken away, the 
weight lost will be restored ; but as . 

V^L- IV. I 
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the lead lost least^ it iritl now retrieve 
the ka^ conseqiiiently the cork will 
pirepodderate mik the diflfetence of 
the !i|reight6 restored by taking away 
the aii'« 

Tiius you see that in^'oacuOy a pound 
^cork, orJeatherSf would be heavier 
ikan u patind of lead. 



.« ^ 
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CON'VERSATION X. 



Cy /Ac Air-Gun J and Sound. ' 

FATHER. The air-gun is an in- 
»trumeiH, the effects of which ddjjend : 
on the elasticity and compressioii of 

liir. .In: 

Emma. Is it uf^d for the same 
porpodesas^cannfnonguns? '^ 

Father. -Air-guns will answer^ a) t 
the purposes of 'a musket of fowling- 
piec^:' bullets ''discharged frdnH^-tbem^ 
mU ky\ animals ftt th^ dist^^ce-^ of^ 
50 br 60 y»^d»^J Tliey'make no i«-^ 
port, and on account of the gFete^t 

I 2 
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mischief they are capable of doing 
without much chance of discovery, 
they ar^e deemed illegal, and are, or 
ought to be, found no \f here but among 
the apparatus of the experimental phi- 
losopher, 

Charles^ Can you show us the 
construction of an air-gun ? 

Father. It was formerly a very 
complex, machine, but now the con- 
struction of air-guns is very simple ; 
Uiis (Plate ii. Fig. 23.) is one of tiie 
most approved. 

JEmma. In appearance it is very 
much likt^ a common musket, with the 
addition of a round ball c. 
. Father. That ball is hollow, and 
contdins the condensed air, into which 
it is forced by. means of a syringe, 
and then screwed to the barrel of the 



Charles. .• I9 tberef fixed to llie. hdl\ 
a valve ppeniiig inwards ?, ..'*;' 

Father. There is; and when tiie 
leaden bullet : iflr rammed down, the 
trigger is pulled back, which forces 
down the hook i lipon the pui xon- 
nected with the vaWe,,and liberates a 
portion of the condensed air; this- 
rushing through a hole in the loickinto 
tiie barrel, will impel the bullet to a 
o^reat distance. * . ..: 

Evima, . Does wA ^ tht air escape^ 
at once.? I ' > 

Father. No: if the gun'.be.weil 
maBey /the copiier bill; will coritfiiin 
enough for 15'or SOBepacatejcharges: 
so that one^Btf these is oapaijla of doing: 
mudh move execution iii a given. Xim^ 
thaniaicommon fowling-piece. 
'Chapksj Dms aot theisttength of 
the charges diminish each time ? \ 

13 
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Father. Certainly;, because the 
condensation becomes less upon the 
loss of every portion of air ; so that 
after a few discharges the bullet will 
be projected only a short distance. 
To remedy this inconvenience, you 
might carry a spare ball Of two ready^ 
filled with condensed air in your 
packet, to screw on when the other 
was nearly exhausted. . Formerly this 
kind of instrument was attached to 
gentlemen's walking sticks. 

Charles,. I should like to have one 
ofthem^ 

Father. I dare say you would : 
but you must not be trusted with in- 
struments capable of doing much 
mischief, till it is quite certaifli that 
your reason will restrain you from 
actioM that iQight annoy other per- 
sons. 



.. A still more formidable instrument 
i^' called the magazine mind-gun. In 
1}iis .there is a magazine of bullets as 
well as another of air, and when it is 
properly charged, the bullets may be 
projected one after another as fast as 
the gun can be cocked^ and the pan 
opened. !! Th^ syringe in these: is fixed 
to the .but of the guri, by which it is 
easily chargedyEtui may be kept in that 
state for a great while^ . 

Emma. Does air never, lose its 
elastic povyer?, , , , , . 

. Fatk^Vi'^ <Jt,;would be 'too. much to 
assert .tii^l it ..never wSW ; but iexperi- 
me^ts bavei be^n; tried upori different 
jiortion^ pf it; which .havfB bej^n found. 
as elastic as .^v^r, after fthe lapse of 
many months, and e^ven years, 
Charles. What is this bell for? 



9£ FNStJMATICt. 

. Fath&\ * I took it out to show you 
that air is the medium by which, in 
genefml^ sound is communieated. I 
will plant© it under the receiver of the 
^-pu«p/ahd exhaust the air. Noi« 
observe the clapper of the bell while I 
shake tlie apparatus. 

Emma: I see clearly that the 
clapper strikes the side of the bell, but 
I do not hear the least noise. 

Father. Turn the cock and admit 
the air ; now you hear the sound plain 
enough : — and if I use the syringe and 
a different kind of glass, so as to con- 
dense thfe afir, the sound will be very 
much increased. Dr. D^Saguliers 
says, that in air that is twice a^ 
dense as-coAimon air, he tould hear 
the sounds of a bell at double the dist- 
ancc. 
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Charles. Is it on account of the 
different densities of the atmosphere^ 
that we hear St. Paul's clock so much 
plainer at one time than another ? 

Father. Undoubtedly the different 
degrees of density in the atmosphere 
will occasion some difference, but the 
principal cause depends on the quarter 
from which tlic wind blows, for as the 
direction of that is towards or opposite 
to our house, we hear the clock better 
or worse, 

Emma. t)oes it not require great 
strength to condense air? 

Father. That depends miich on 
the size of the piston belonging to the 
syringe ; for the force required in- 
creases in proportion to the square of 
the diameter of the piston. 
. Suppose the area of the base of the 
piston is one inch, and you have al« 
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ready forced so much air mto the 
vessel that ^ts deasity is double that of 
comoaon aiir, the resistaoj:e opposed to 
you will be equal to 15 pounds ; but if 
you.wpuld have it 10 times as dense, 
the resistaoce will be equal to 150 ' 
poundff^ 

' Chfffk^^' That would be more than 
I could tpanage. . 

Father, Well, then, you must take 
a syringe, the avea of whos^ piston is 
only half an inch ; and in that case the 
resistance would, ht equal to only the 
fourth part of 150 poimds, because 
the squftrie of ^ is equal to ^*. , 

t^tmm. You said that the air w« 
generally the medium by which sound 
is ccaveyed to our ears; isjt not al-» 
ways so? 

*^Tiie squire of any number being tVe num- 
ber nuiltiplied' into iuelf; | k i;ss|. 
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Father. ' Air w always a good con- 
ductor of soutid, but water is a still 
better* Two stones being* strtick- to- 
gethei^ umle? t^ater, the sound may be 
heard lit a greater distance by an ear 
placed undei' water in tlie same 'river, 
than it caw through the am In calm 
.weather a whisper may be heard across 
the Thames. 

The sliglitest scratch of a pin at one 
^nd of a long piece of timber, may 
be heard by an ear applied near the 
dther end, though it could not be beard 
at half thedists^ifjce thvough'the air. 

The earth is hotVa badicondoctor 
of sound : it is said^ that by applying 
the ear to the ground, the trampling 
of horses may be heard much sooner 
than it could through the medium 
of th£ air. Recourse has sometimes 
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been bad to this mode of learning the 
approach of a hostile army. 

Take a long strip of ftaooeli and ia 
the middle tie a common poker, which 
answers as well as any thing, leaving 
the ends at liberty; these ends must 
be rolled round the end of the first 
finger of each band, and then stopping 
the ears with the ends of these fingersy 
strike the poker, thqs suspended, 
against any body, as the edga of a steel 
fender ; the depth of the tone whicb 
the stroke will return is amazing ; thi^ 
made by the largest churcb*beU is not 
to be compared with it- — Thus it ap* 
pears that flannel b ai> excellent con^ 
ductor of sound. 
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CONVERSATION XL 



Of Sound. 

FATHER. We shall devote this 
conversation to tibe consideration of 
some curious circumstances relating to 
sound ; whidi, as depending upon the 
air^ will come very properly under 
Pneumatics. 

Charles. Yoii showed us yesterday 
that the stroke made by the ctaipper Of 
a bell was ii6t • audible, when it wm 
un^er m exhausted' recover ;ia th^ 
f^C thq-tc^ause pf souiid ? 
r; Father, C^ijtairily-in nmny cases 

VOL, IV, K 
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it is : of this kind is thunder, the most 
awful sound in nature : 



-Th« air is vebicle^of sbund ; 



Remove but tho elastic puhe of air, 
And the same ear, which now delighted feels 
The nice distinction of the finest notes, 
Would not discern the thunder from a breeze. 

EuDOsrA. 



( I 



Emma. Is thunder prodtaced bj- 

the^air? •> 

Father^ 'Hiiinder'i&gerierally sup- 
posed * to b^ piiodtioed • toy vjjie concxiifr- 
sion or striking together trf two bo- 
<Jie3 iof airj for Migfttning; darting 
thnoqgh^the aii<, eKUsedy by its great 
w^Aif; a vacduifif ^ an* th^ separiitod 
btfdies'of air rii^tig'bgeCber ipvo- 
duce the noised Wicttillthtittds0r:»frFte 
(ffisnoe t^eflfecti oply ^^ ^ ^vcat&M^ is 
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producjed fey the inflamnodtion of guu- 
powiter. . . ;... J/ . .. :•' .-. ; ' ' 

Ckarle^. ; Csm the report of a.lftr^ 
canm^ be > . called ^ tniniaCui^ imita- 
tion? I remembeiv beiis^' onceisn a 
rpom . A\. the distaape of but ^ feir 
paces from the Tower giijjs nhen they 
fired, and the noise was infinitely 
^cOTe. than* any tliuttder/ that I ever 
heard. ./..'. • . 

-I'jBof/Jiir.f. ThfaisWfis ;'feecw$fe,> you 
were near to.th^,;' gwpowitir, so 
IrcdiaQfidoiia ^^ i it ' i^. in air, ^vt^en in- 
flwled ib^^^ltw^ffo^ Piakefl naizk^fe* 
itooad. tha» .the ; faitdL ia . l\\^ drmiar 

I '- Mr. Gates ipfiQtims! a very . curious 
experiment, which was contrived to 
show . tbttki soQiuIr eannot .penetrate 
thcxHigh- a .vacuum/ 4 sd;rongi ^ re- 
oeivfen . filled, ivitte domrnoa atmo- 

K 2 
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spheric air, in which ^ bell was sos-> 
pended, was screwed down to a brass 
plate. so tight that no air could escape, 
and this was induded in a much 
larger receiver. When the air be- 
tween the two receivers was exhausted, 
the sound of the bell could not be 
heard. ^ 

Enma. Could it be heard before 
the air was taken away ? 

Father. Yes : and also the mo- 
ment it was re-admitted. ^ 

Charles* What is the reason that 
soinfet bodies sound so much ji^etter than 
otiiers? Bell-metal is more musical 
than copper or brass, and these sound 
much better than many other sub- 
stances. > 

Futher. All ^sonorous bodies are 
elastic, the parts of which by per- 
cussion are made to vibrate : and as 
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loqg ^ijlfce yibralSons jcontinwe,: ,c»r- 
^iitefl ; tft ^r i^ir, , ami; jtba^ lwfo4uQfi 

iii^wcea ^h^p^illiUusitrate <Jg^4 . . . 

. • MmtmA The vibRtfioos of ihp b^l- 
are/ new, ^iy^ ;. ^d nmsical ci^fffi^ 
>rMl ivifemticiiiafiWr lih? souo4 ha^-v^^ 
niibed.: ..: ^r " .:• . :,j . ,t .. ^ -:, v 

, .fW^,l ; If Jigbt ptrticlesf oC dwst 

be on the outside of a bell wb^;it'i3r 

sir*ck^{> you.';i^W, Jby theijr iwtion, 

have ne doubt but. tibat tibe: p^rtiqlos 

m 

oK;>tilprT«w?tail > wove too, ' th^igfe uiot 
SH^ifrtitly- MMi ivisibJe tQ ' the naJ{fi<i, 
ey^; and jfebow^. thjB (^motioJi of :a; 
mu^kaA i$tdxfg< .<^Wtin4i<es ajft^) the.. 
soimdraBaaes.tO'be hc^rd?^ yieft Hd)oe§' 
inJt ^foUov'i that'-* .«ouiid is- bo); .stili- 
l5|»)dbQei,. but onty: that it is not 
suffioifirtJy.stroBg Jto produce a aein- 

K 3 
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sation in the ear. You see in a datft 
night the flash of a gun, but, being 
at a considerable distance from it^ 
you hear no report If, however, 
you kfiew that the light was occa* 
siohed by the inflammation pf gun- 
powder in a musket or pist6l, you 
would conclude that it was attended 
with sound, though it was not sufB* 
ciently strong to i*eacb 'the place where 
you are. > '■ • 

Charles. Is it known how far 
sound can'be heard ? • 

Father. We are assured upon gdod^ 
authority, that the Unassisted humaa 
voice Ktis been heard d.t the distance 
of 10 or 12 miles j namely, from New 
to Old Gibraltar. And in the fa^ 
nkous sea-fight between the English 
and Dutch in IGJQ^ the sound of 
cannon was heard 'at the distance of 
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SOO miles from tiie place of action.— 
Id both tiiese cases tlie sqund passed 
over water ; and it i^ well known that 
soeod nay be always conveyed much 
&rtber along «. smooth tfaan an uneven 
sur&ce. : . 

Experiments bftve been instituted 
to : ascertain how mueh water, as a 
conductor of sounds was better than 
lltfdd; and arperson was heard to read 
very distinc% at the distance of 140 
feet on the Thames, and on land he 
pould >not be be^d farther than 76 
zeet« * /' . ; . . . • 

. Eimna.i Might not there be inter* 
ruptioofl in the latter case ? 

Fathetn No noise whatever inter- 
vened by land, *but on the Thames 
tbere was some occatsioned by the 
flowing of the water. 
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shammer towsirdgHamp^^aaidi^ /w^esaiirL 
a, {mrty Qf^iSoldiei^ifiriAg at a mark' 
i)ear Chalk F^^rm, and ;foa;<idsired 
£iomfi,:*4nd iBie to .take «)Qtice, as yr& 
approached the sppt, how . ouitife 
sjpoQe^ tH^ report' ^ii6 beaisclfaft^ we 
s#w (jhe fia^b ^tbajs^ iA waa iwtim ^we-firsC 
got jpto tiie fields,: ' / \j *. ' -j 

I JF^thr^ u ^y mteatttDpfi was, :tiflMt( 
you, should know from atrtoat exp&^ 
rimerM; that sound.is noti'coiiVfeyed ia^^: 
staptanaoualy^ .butitakts aiieetamibiiiie/ 
to travel over a»given space. i^ ^^ 

. M^he« yw^/sftofid. cdifijaAo thepiace, 
did you not- ofasenTOi^the'lmbke iglnd- 
h^r the rfiport^abihiiifiauSe inslanl h 
Emmg. Yea^Mieididbinii j» 

^ pathtrl Thm^ ^jom^-^ i<are " ea^i^sAoi 
that the light of tbe ilaab^; ttid the^' 
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report, are always produced together. 
The former comes to the eye with the 
velocity of light, the latter reaches the 
ear with the velocity with which sound 
travels: if then light travels faster 
Chan sound, you will at any consider- 
able distance from a gun that is fired^ 
see the flash before you bear the report. 
Do yon know with what velocity light 
travels ? 

Charles. At the rate of 12 miiibn 
of tniles in a minute''*'. 

Father. With regard thai to se- 
vend hundred yards, or even a few 
miles, the motion of li^t may be 
considered as instantaneous ; that is, 
there would be no assignable diiier- 
ence of time* to two observers, one 
of whom should Atand at the breech' 

• S«« Vol. IL Of Astroitomy. Conviani XXVI. 
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of the gun, and the other at the di* 
stance* of six^ or eight, or . ten miles 
from it. 

I^mma- This I understjemd» because 
10 miles, is as. nothing when compared 
with. 12 millions. 

Fifther. Now sound travels only at. 
tl^e rate of about 13 mites in a minute; 
th^6fQre> as Ume is easily divisit^ 
into seconds, the progressive mc^ioj^ 
Qf ^oupd is r/eg^dily. majrXed by w^sps 
of a stop-watgh :. conseq|i§ntly, if pejf-. 
sons situated, soi^q^ clpse tp a ;gpn 
wh(}n it. is 4ischa}*g^,^ • others ft^t^ 
quartf^ of. a ipi^e, fi;<iH»4tr an4 othei;?, 
^thi^fpmil^.andsoqpf tlfeywill^, 
^ae th^ Sj^ or s*aoke ftt t^^^pieijjn 
stant, but tha.repo]|t(will)KfAch,theni^ 

atdiflfeienttwiesK •* S: ;.j!r a .,. lo 
Charles. Is" it certain that sounds 

of all kinds travel at tbiii v^tQ i. . ^ , : * 
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Father. A great variety of experi- 
tnenfe hstve been made on the subject, 
tintf it seemis now generally agreed thslt 
^buiid trkvfels Hvith a velocity that is 
equal t6 1*142 feet in a second of 
time. 

- '£mma. Tlien with a stop-watch 
Vou could have told bow far we were 
from the firing when we first saw 
it/ '''•'■• ■ 

Father. Most easily ; for I should 
bftve counted the number of seconds 
that eiapsed between the flash and the 
report, and th^n have multiplied 11 42 
by the number, and I should have had 
the exact distance in feet between us 
an<) the gun. 

Charles. Has this knowledge been 
Implied to any practical purpose ? 

Father. It has frequently been 
used at sea, by night, to know the 
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distance of a ship that has fired htt 
watch-guns. Suppose y0a were in a 
vessel, and saw the flash of a gun, 
and between that and the report 24 
seconds elapsed, what would be the 
distance of one vessel from another ? 

Emma. I should nmltiply 114Sf 
by 34, and then bring the pttnluct 
into miles, which in this instance is 
eqjual to something more than five 
mil^s. 

Father. The misdiief occasioned 
by lightning is supposed to depend 
much on the distance at which the 
storm is from the $pot from whence it 
is seen. 

By counting the number of seconds 
elapsed between the flash of lightning 
and the clap of thunder, you may 
ascertain how £^r distant yQU are firom 
tJ^estorw- •: ...J 
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i^arU^ I sbouM &ite to Jiave a 
ktopnimfeeh, io be aUft «o <^teutalft 
tids ifnr imy&isUl 

^lEatket. Jk& it mtt, probably, "bk 
some timd'i before ^^u^b^nie peg*- 
se^M ' of rthb ies^pensrifve^nstt^mef^, I 
Miffi Mil you x)f soai€«f£n^iwhteh you 
faoxep iihrays about )^ui 4ind 'M^hi<!h 
will answer the purpose. 

Emma. What is that, papa ? 
Father. The pulse at your wrist, 
which, in healthy people, generally 
beats about 75 times in a minute* : 
in the same space of time ^ound flies 
1 3 miles : therefore, in one pulsation 
sound passes over 13 miles divided 
by 75, that is about 915 feet, or the 
-J-th part of a mile, consequently in 
six pulsations it will pass over a mile. 

* In children the pulse is more rapid* 
vol. IV. L . 
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;^ Entma. If 1 66e &.flash of lightning, 
and between that arid tiie thunder I 
count at my wrist 36 or 60 pulsations^ 
X ^say the distance iji one case is equal 
to six miles,; in the 'Other ten. ' 

Father. You are sight: .and this 
method wiH^.^for the present/ be suf- 
fioleqtly .%cc|]mte for all your pur- 
poses. . . J 
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CONVERSATION XII. 



Of the Speaking'' Trumpet. 

CHARLES. I hare been think- 
ing about the. nature of sound, and 
am ready to ask wbat it is ; I can con* 
ceiye of particles of light issliing from 
the. sun, or . other luminous bodies, 
but I know not what sound is. 

Father. It would be but of littlQ 
use to ^ve you a defihition of sound* 
but I will endeavoiir to illustrate the 
subject Sound is not a bodylik^ 
light, but it depends On the concur*? 
sion or striking together of. other 

L 2 



bodied that are elastic, which being 
put into a tremulous motion, excite 
a wave in the surrounding air. 

Emma. Is it such a wave as we 
see in the pond when it is rufSed by 
the wind ? 

Father. Rather* such a one as is 
produced by thrpwii^ a pebble into 
3till water. 

Chnrks. I iiave often observed 
this^ ; iihe surface df the water forms 
ifeelf ink) circular waves. 

Father; It is probable that the 
tremulous motion of the parts of a 
sonorous body communicate undula^ 
tioM in the air in a similar manner. 
Two obvioue Girciimstance» must 
Strike every obsdrveF with regard to 
the undulations in water. (l.)The 
waves, the farther they proceed from 
tile striking body, became less and 
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less^ till, if the water be of a sufficient 
magnitude, they become invisible, 
a;id die away. The same thing takes 
place with regard to sound; the iar-» 
ther a person is from the souqding 
body, the less plain it is heard, till 
at length the distance is too great for 
it to be audible ; and (2.) the waves 
on the water are not propagated in- 
stantaneously, but are formed one 
after another in a given space of time. 
This, from what we have already 
shown, appears to be the manner in 
which sound is propagated . 

Emma. Is sound the effect which 
is produced on the ear by the undula- 
tions of th^ air ? 

Father. It is: and according as 

hese waves are stronger or weaker, 

the impression, and consequently the 

sensation, is greater or less. If sound 

l3 
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be impeded in its progress by a body 
that has a hole ip it, tte waves pass 
through the hole, and then diverge oq 
the other side as from a centre. UpoD 
this principle the speaking-trumfet is 
constructed. 

Charles. What is that, sir ? 
, Father. It is a lotig tube, used 
for the purpose of making the voice 
heard at a considerable distance : — 
the length of the tube is from six to 
IS or 15 feet, it is stiraight through- 
*out) having at one end a large aper- 
ture, and the other terminates in a 
proper shape and size to receive the 
lips of the speaker. 

Emma. Are these instruments 
much in use? 

Father. It is believed that they 
were more used formerly than now : 
they are certainly of great antiquity ; 
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Alexander the Great made use of such 
a contrivance to communicate faift 
orders to the army; by means of 
which it is asserted be could make 
himself perfectly understood at the 
distance of 10 or 12 mileif. Stentor 
i$ celebrated by Homer as one ivho 
could call louder tha^ fifty men : 

Heavei/s emprets mingles with the mortalcrowd. 
And shoutSyinSirEVTOR's sounding voice aloud : 
Stentor the $trong, endued with brazen lungs^ 
Whose throat surpassed t^e forceof fiflty tongues. 

Pope's Homek, b. v. 1. 976* 

From Stentor the speaking-trumpet 
has been called the stentorophonic 
tube, 

Clutrks. Perhaps Stentor was em- 
ployed in the army for the purpose of 
communicating the orders of the gene- 
ral, and he might toaJie use of a 
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trumpet for ^he purpose, and that is 
what is meant by brazen lungs. 

Father. That is not an improbable 
conjecture. Well, besides speaking- 
trumpets, there are Qtbers contrived 
for assisting the hearing of deaf per- 
sons, which differ but little from the 
speaking-trumpet. 

If A and B (Plate ii. Fig 24) 
represent two trumpets, placed in an 
exact line at the distance of 40 feet 
or more from one another, the smallest 
whisper at a would be heard distinctly 
at b ; so that by a contrivance to con- 
ceal the trumpets, many of those 
speaking figures are constructed which 
are frequently exhibited in the metro- 
polis and other large towns. 

Emma. I see how it may be done ; 
there' must be two sets of trumpets, 
the one connected with the ear of 
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the image into which the spectator 
whispers, and which conveys the 
sound to a person in another room, 
who by tubes connected 'with the 
mouth of the image returns the an- 
swer*. 

Charles. HoMf are the lips set in 
potion ? 

Father. Very easily, by means of 
a str»tg or wire passing under the 
floor up tlie body of the imag^ 

* Dr. Young, in his excellent Lectured ^a 
Natural Philosophy, says that the exhibhiotf, 
of the invi^ble girl is performed by-conreying 
the sound through pipe% artfully concealed, 
and opeaiiigt)pposite to the mouth of the trum* 
pet, from which it seems to prpqe^, Yq\ I. 
p. 376^ 
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CONVERSATION XIII. 



Of the Echo. 

FATHER. Let us turn ouratten*- 
tion to another curious subject relating 
to sound, and which depends on the 
air ; I mean the echo. 

Emma. I have often been de- 
lighted to bear my own words, re- 
peated) and I once asked Charles how 
it happened that if I stood in a parti- 
cular spot in the garden, and shouted 
loud, my words were distinctly re- 
peated; whereas if I moved a few 
yards nearer to the wall I had no an- 
swer? He told me that he knew 
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nothing more than this, that m' a part 
of Ovid's Metamorphosis, Echo is 
represented as having been a' nymph 
of the woods, but that pining away 
in love, her yoice. was $li/tbat was 
left of her. 

Charles.. I did; andf you shall 
hear a translation of the whole, pas-^ 
sage: 

9fo woiHirous are the effects of restless pain, 
That noAing but her voice aad bones reinainy 
Nay, e^en the very bones at last are gpAe^ 
And metamorphosM to a thoughtless stome;^ 

Yet still the voice does in the wood survive ; 

. ■ ' • «• 

The form's departed, but the sound^s alive, . 

Emma, But thesQ lines say nothing 
of echo being a nymph. ^ 

Charles. W^l, then, here are 
others applied immediately to echo : 



A nympk she was^ tkoai^ c»ly now aiotrntf^ 
Yet of her tongue no otbor use was found; 
Than now she has ; which never could be more 
Than to repeat what she had heard before. 

FcBther. I dbubt this will give your 
sister but little satisfaction respecting 
the cause of l^e eoho which «he has 
often lieard, atid 'wiiich she may >slSl 
hear in the garden. 

Emma. No, I cannot conceive why 
a nyiBph'of .tbe woods should teke u|> 
her resnobiloe >in our i^apden^ and 4he 
more is© a;S I nfever ^aw h^r. 

Father. If she is a mere sounds 
you cannot see her : I will ended-vour 
to explain the subject. — When you 
throw a pebble into a small pool of 
water, what happens to the Vraveis 
when they rearh the margin ? 

Chnrks. They are thrown tmck 
mgsiin. 
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Father. Tiie same bftppens wiA 
MgarB to the tmdulations 4n the «nr, 
#indi are the cause of sound. Tbey 
tfirike Itguinst any surface fitted Ifot 
the purpose, as the side of a house, a 
bfiek wall,«a hiH, or even against trees, 
and et^ >rei)ected or beat back again : 
^ilS'is the cause df an echo. 
^^ifnma. I wonder <3i^ that w^ do 
4!tolhear echo^ more Ifrequenlly. : 

Father, There mast be sevelml 
4soAcunnng ctrcumstaiioes be^re an 
who cain be |m>dii(^d. For an eeiio 
to be heard, the ear mml be in tbe 

KSkarks. I )d^ n6t hm^ whl^i^ 
«l«eaiii% the I^e of i^ieiei^/ < 
, .^Fi»h&. I ^i^mmt always 'avoid 
using terms that ba^ !not beetirpre* 
vSm^I^ ^xptained. This is an in- 
Wantee. \ wtt, ^wevw, explain 
you tv. M 
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what is meant by the line ofincideilce^ 
and the line of reflection. Wheo 
you come to Optics, these subjeetai 
will.be made very familiar to yaw* 
You can play at' marbles ? 

Ckarks. Yes, and. so can JErmm^. 

Father. It is not a very camii)QD 
amusement for giris;. however, iatf it 
happens, I sbaJd fiod . my advant^ige 
in it, as she wiU the more readily eater 
into my explanation* . 

Suppose yo(u were to shoot a 
iraar ble against the wainscot^ . what 
would happen? 

Charles. ^ That depends on the di- 
rection in whbh I shoot it : if I stand 
directly, opposite: to the wainscoj, the 
ji^rblewill, if I sboi^t it strong enough, 
r^tli^m^o my hgynd. J > ;,:? 

Fath^. The line which the mjurr 
ble describes jn going. tp the wall, is 
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cadfed the line of incidence, and that 
wli^ch it makes in returning is the 
Une t}fr^ect%on. 

Emma. But they are both the 
tame. > ^ 

r • 

« 

Father. In this particular in- 
stance they are so: but suppose you 
shoot obliquely or sideways against 
the board, will the marble return to 
the hand ? 

Charks. O no ! it will fly oflf side- 
ways in a contrary direction. 

Father. There tiie line it describes 
btfor^ the stroke^ or the line of inci- 
dence, is difierant from that of re- 
flection, which it makes after the 
stroke. I will give you another in- 
stance: if you stand before the look^ 
ing-glass you see yourself, because 
the rays of light flow frpm you, and 
are reflected back again in the same 



liae* Eut let Emipa Sitand oe obm 
s^ of the room, aiid you on ttie 
other :-T-you both see the glass at tte 
upper end of the room. 

Emma. Yes, and I see Charlea ki 
it too. 

Charles. I see Eaiuna, hut I do 
apt see nayself. 

Father. This happens just like tito 
marble which you shot sideways. 
The rays flow from Emma ahliquely 
on the glass, upon which they strilce, 
and fly off in a contrary directJbn, 
and by them you see her. I will ap^ 
ply this to sound. — If a bell a (Plate 
III. Fig. 25.) be struck, and the uih 
dulatkms of the air stfike the wall 
€ din h perpendicular direction, th^ 
will be reflected back in the same 
line; and if a person were properly 
situated between a and c, as at j:^ bft 
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would hear the sound of the bell by 
means of th^ undulations as they went 
to the wall, and he would hear it again 
as they came back, which would be 
the echo of the first sound. 

Emma. I now understand the dis- 
tinction between the direct sound and 
the echo. 

. Father. If the u|idulations strike 
the wall obliquely, they will, like the 
marble against the wainscot, or the 
rays of light against the glass, fly off 
again obliquely on the other side, in 
a reflected line, as c wz ; now if there 
be a hill or other obstacle between 
the bell and the place m where a 
person .Happens to be standing, he 
will not hear the direct sound of the 
bell, but only the echo of it, and to 
him the sound will come along the 
line cm. 

M «^ 
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Chafks. I have hearil of plft€»» 
where the sound is heard repeated 
several times. 

Father, This hlippens where tberB 
are a number of ivalls, rocks, &e. 
which reflect the sound ftom one to 
the other; and where a person hap- 
pens to stand in such a situation a& 
to intercept all t;(|e lines of reflection^ 
These are called tautological or bab- 
bling echoes : 

Babbling echo mo^cks the hounds, 
Replying shrilly ta the well-tun'd horns> 
As if a double hui\t were heard at once. 

SHA.KE9PEAB.S. 

There can be no echo unless the 
direct and reflected sounds follow one 
another at a sufficient interval of 
time ; for if the latter arrive at the 
ear beffore the impressjon of the direct 
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floond ceases, the aound will not bci 
doubled, but only r^dered more in- 
tense. 

Emma. Is there any rule by which 
the time may be ascertained ? 

Father. Yes, ther^ is ; I will be^n 
with the most simple case. If a pei^ 
son stand at x (Plate iii. Fig. 25.), 
in order that the ^ho may be di- 
stinct, the difference between the 
space a x^ and a c added to c i*, must 
be at least 1S7 feet. 

Chnrkjs. The space through Which 
the direct sound travels to a person is 
a Xj and the whole direct line to the 
wall is a c, besides which it has to 
come back through c .r to reach the 
person again. All this I compre* 
hend : but why do you say 127 feet in 
particular ? 

Father. It is founded on this 



128 PNEUMATICS. 

prindple* v By experience it is known 
th&t obout nine syllables can be ar-, 
ticulately and distinctly pronounce^ 
in a second of tiipe. >But aound 
travels with the velocity of 1 I4i% 
feet itk a. second, therefore in the 
ninth: pa(rt of a second it passes over 

-, or 127 feet nearly; and conse- 

9 .0 

quent}y the reflected sound, which is 
the echo, to be distinct, must travel 
over at least 127 feet more than the 
direct. 

Emma. If c d in the figure re* 
present the garden wall, how far must 
I be ifram it to hear distinctly ^ any 
word I utter? wi|l 63 or 64 feet he 
sufficient, so that the whole space 
which the sound has to travel be. equal 
in this case also to 127 feet? 

Father. It must be sotnething 



more than this, because the iirst sound 
rests a certain time on the ear, which 
should vanish before the echo returns, 
or it will s^p^es^: q. continua^ipn of the 
former, and not a distinct sound : it is 
generally supposed that the distance 
must not h^ leas than 79 or 72 feet; 
and this will give the distinct echo of 
one syllable only. ^ . 
. Charles. Must the distance fac m* 
cieased in proportioD to &e number 
of sy%bles that are to be repeated ? 
Father. Certainly ; and at the di- 
•tanee of about 1000 or 1200 feet, 8 
or 10 syllables, pniperly pronoonecd, 
will be dis^otly nepeated by the echa 
: I wtQ finish tfaia subject td-mbrro«ii. 
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' CONVERSATION XIV. 



Of the Echo. 

m 

FATHER. The following aro 
among the most celebrated echoies. 
At . Rosneath, near Glasgow, there 
is. an. echo that repeats a tun^ j^layed 
with a trumpet three times completely 
and distinctly. Near Rome thera 
was one that repeated "what a person 
said five times, v At Brussels there is 
an echo that answers . 15 times. At 
Thombury Castle, Gloucestershire, an 
echo repeats 1 or 11 times very di- 
stinctly. Between Coblentz and Bin- 
gen an echo is celebrated as different 
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from most others. la common echoes, 
the repetition is .not heard till some 
tira^ after heiaring .the words spoken 
or notes sung i in this the person who 
speaks or sings. i$ scarcely heard, but 
the repetition i3 perceived very clearly, 
and in surprising varieties': the echo 
in some cases iappears to be approach- 
ing, in otheils .receding : soipetimes it 
is heard distinctly, at others scarcely 
at all: one person hea^s only one 
,v6ice, while another hears several.. 
And to men||(^n bnt one more in- 
stance, in Italy, ilear Milan, .the sound 
of a pistol is returned 56 timesv 
lEmma. Thiols indeed 

To fetch &hnll echoes from their hollow earth. 

* ' ' . ... 

Father. The ingenious Mr. D^r* 
iiam applied the echo to mt^asurinj 
inaccessi ble ^dista^ces • 



IS* p?Jt?t}H Awe's. 

Ckai^. Hfm did he ^0 thfef 

Father. Standing an the bankil 
of the Tftiiiftcfe, 'opposite Woolwk)h> 
he 'obi^ved thfat < the iecho of a >itig^ 
WknA "mn^ refteteted ftotm the hous^ 
in Ihree sreconds, consequently 4iA 
that tini^ it bad travelled 3426 feet, 
the half of which, or 1713 feet, was 
t^e inreiadlh of the river in that parti- 
cular place. 

Did you ever hear of the Whisper- 
ing-Galtery in the dome of St. Paul's 
Church? 

EmmiBi. Yes : and you promised to 
take us to ^ee it some time. 

Father. And I will perform my 
pi'omise. In the mean time it may 
be proper to inform you, that the 
•circumstance that attracts -overy per- 
son s iattention is, that ^he smalledt 
whisper made against the wall •on 
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me i^dc of tbe^ gdlery is dislihiitly 
heard on the other side. 

VHnr^s. W ttSs ^feffect pi\>du*ed 
Dh the pAfi<fifp)fo «f Ae echo ? 

Wbther. N^: tbe iindulalSdns 
cftu*a ^ thfe air fl!>y the voice ifere in- 
flected both ways round the wall, 
li^hith is teaide Very smooth, so that 
Bohe m^y be lost, and meet at titife 
opposite i^de ; corisequently, to the 
hearer, the sensation is the same as if 
hi4 eiar were closfe to the mouth of the 
speSker. 

Emma. Would the effect be the 
same if the two persons were not op- 
posite to one another ? 

Father. In that case the word* 
j^poken would be heard double, be- 
cause one arch of the circle being 
less than the other, the sound will 
jfcrrive at the ear. si^Oner, round th« 

you IV. N 
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shorter arch than round the longer 
one. . 

Charles. You sat^ the wall is very 
smooth: is there a material differ-i 
enc^ in the conveyance of sound, 
whether the mediurtf be rough or 
smooth ? 

Father* The difference is very 
great:. Still water is>: perhaps, the 
be^t .conductor of sound : the echo 
which I mentioned in the neighbour-- 
hood. of Milan, depends much pa 
the water over which the villa stands. 
Di:. Hutton in his, Mathematical 
Dictionary, gives the following in- 
stance as a proof that moisture has a 
considerable effect upon sound. A 
house in Lambeth-marsh is very damp 
during winter, wT:ien it yields an 
echo, which abates as soon as it be- 
comes dry in summer. To jncret^^e the. 
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sound in a theatre at Rome, a canal of 
'water was carried under the floor, 
-which caused a great difference. 

After watef{ stone is reckoned a 
good conductor of sourtd, though 
the tone is rou^li aiid disaorreeabie : 
a well-made brick wall has been 
known to convey a whisper to the 
distance of £00' feet nearly. Wood 
is sonorous, and producies the most 
agreeable tone, dnd is therefore the 
most proper substance for musical in- 
struments : of these we shall sfay a 
ivord or two before we quit the sub- 
ject of sound. 

Emma. All wind instruments, as 
flutes, trumpets, &c. mu^t depend 
on the air: but do stringed instru- 
ments ? 

Father. They all depend on thie 
vibrations which they make in the 

N 2 



aturrqunding air. I Will i|ii^(r}«t« 
what I h£ive to aay by means of tlw 
Eolian h£^rp. 

If ^ cqrd eight or ten yarcl& long 
be Srtratched very tight between tv^Q 
p(Wts^ and tl:^n struck with a 9t^, 
the whole string will not vibrate^ bi^t 
ttiere will be saveral still places ia^^l, 
betWieen which Uie ooird will mav^. 
Nqw Ihe air ftcb^ up<W the stricig£[ of 
the burp in tlie swm manner ^ tbQ 
stroke of l^e. sjtick upon the long co^ 
just Qientioned. 

_ * 

. Charles. Do not th?. 4iff^^ 
notes upon a violin dep^A^ t^>QA tl^ 
different length of the strings^ which 
h vaiied by the finders of the seywi- 
cian ? 

Father. They do : and the cur- 
rent of air acts upon each string, and 
divides it into parts^ ^ so many ima- 
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V 

ginary bridges. Henoe ^ every string 
in an Eolian harp, though all are in 
union, become capable of several 
sounds, from which arises the Wild 
and wonderful harmony . of that in- 
strument. 

The undulations of the air, caused 
by the quick vibrations of a string,: 
are well illustrated by a sort of in&- 
chianical sympathy that exists among 
accordant sounds. If two strings on 
diffefrent instirumeiits are tuned in 
unison, and one be struck, the other 
will reply though they be several feet 
distant from one anotlier. 

Emma. How is this accounted 
for? 

Father. The waves made by the 
first i string, being of . the same kind 
as would be made by the second if 
struck, those waves give a mechani- 

N 3 
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dd stroke -to the aecoQci string, und. 
produce its sound. 

Charles. If all the stringy qn ^ 
Eolian harp are set to th^ sione QQta» 
will they all vibrate hy striking only 
one? 

Faihcr. They will : but the &ct 
is well illustrated in this method: 
bend litde bits of paper over eaeh 
string, and then strike one sufficiently 
to shake off its paper, and you will 
see the others* will fail frcftn their 
strings. i 

Emma. Will not this happen if ! 
the strings are not m unison ? | 

Father. Try for yourself, alter 
the notes, of all the strings but two, 
and place the papers on again: vi- 
brate that string which is in unison 
with another. 
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m 



Emma. The papers on those are 
shaken off; but the others remain. 

Father. A wet finger pressed 
round jthe edge of a thin drinking- 
glass will produce its key : if the glass 
be struck so as to produce its pitch, 
and an unison tp that pit<;h be strong- 
ly excited on a violoncello, the glass 

will be wt \n mP^Wj ai\4 if np^r *® 
edge of the tabl^, ^i}^ bp H^blp to b^ 
^JiftkenqflF/ 



»i 



,\ 
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CONVERSATKW XV. 



Ofthemnds. 

FATHER. You know, my child- 
ren, what the wind is* 

Charles. You told us, a few dAys 
ago, that you should prove it was only 
the air in motion. 

Father. I can show you in mi- 
niature, that air in motion will pro- 
duce effects similar to those produced 
by a violent wind. 

I place this little mill under the 
receiver of the air-pump in such a 
manner, that the air when re-enter* 
ing may catch the vanes. I will ex- 



l^^iypi^n^, yrhfift the sjtpp-qpck isi 
9|)eijjec|. 

Emma. The vanes tura rcupcl 
igitli s^p iaqfe^b^e Telocity; mluch 
swifter than f(v»p |: anw th$ vw^ o| 
1^ r^al wwd-miy* But what puts the 
ajv io m<«^, §9 as |q (;wWO thq 
wind? 

F^ffher. Th^rqajje, probably^ many 
conspiring caus.98. tp. produce (he €)|^ 
fi^t Tki prin^^) oik^ se^^sfii to be 
heat communicated by tbe sqn. 

Charles. Dqi^ be%| prod«KQ wind ? 

Father. Heat, you knqVi*exp^9 
9II J^i^S), CGffit^equenjtly it ra^e^i^ the 
«K, imci makes it Ught^r. Biit yfi» l^v% 
Kw ^e^t thf lij^teir fluids .as<?§n^ 
* ai^ thereby l^a^^ f^ p«^ti»l yaeuuo^ 
^wefiis whiph tj^e s^rq^^cji^ he^'* 
yipf air R?f sges, wit^ a gif atW w le«l 
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rarefaction or of heat which produces 
it The air of this room, by means of 
the fire, is much warmer than that in 
Ibepassajge. * " 

Emma. Has that in the passage a 
tendency into the parlour ? 

Fatlter: Take this lighted wto 
taper, and hola it at the bottom of the 
door. 

" Emma. The wihd blows the iSame 
violently into the room. 

Father. Hold it now at the top of 
the door. ' 

: Ckarks. The flame rushes out- 
wards there. 

Father. This simple, expcrimtent 
deserves your attention. The heat 
of the room rarefies the air, and the 
lighter particles ascending, a partial 
vacuum is made at the lower part of 
the room; to supply the deficiency/ 
the dense outward air rushes in^ while* 
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tlM lighter partides, as they ascdnd, 
produce a current: at the top of : the 
door, out of the roOai. If. you hold 
the taper about the middjb space be* 
Witim the. bottom and top, ybu Mvill 
find a part in which the fiame is perr 
fectly stilJ, haying uo tendency either 
ioiivards or outwards. 

The smoke-jack, so common in the 
chimneys of large kitchens^ coi^si^ts 
of a set of vapes, scyiietljiqg like 
those of a wiud*miU or ventilAtor^ 
fixed to wheel-work, which are put 
in motion by the current of air up 
the chimney, produced by the heat 
of the fire,' and of course the force 
of the jack depends on the strength of 
the fire, and not upon the quantity of 
smoke, as the name of the machine 
would lead you to suppose. 



u a current of air? ^ 

'Fatfver. Th^ fe'li ^y^^r&pei^ de* 
finitton : ^»d its dfio^tion is tletiodii- 
nated from that (}Qattei* Miti i^hSt^ it 
blows. 

Ckarks. When the wfeid blftwi 
from the noith or scMb^ do yon say 
it is in ttie former es^ a ^lorth-M^iad, 
and in the latter a south- wind ? 

'Pother. We do. The winds arte 
genc^rally considered as of three kinds, 
independently of the names which 
they take from ihe pdiats of the 
compass from whitsh they blow. 
These are the constant , or those which 
always blow in the same direction : 
the periodicaly or those which blow 
six months in one direction, and six 
in a contrary direction : and the va- 
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I 

I 

rlablCj which appear to be subject to 
no general rules. 

Emma. Is there any place where 
the wind always blows in one (firec*- 
tion only ? 

Father. This happens to a very 
large part of the earth ; to all thai 
extensive tract that lies between 28 
oir 30 degrees north and south of the, 
equator. 
. Charles. What is the cause of this ? 

Father. If you examine the globe, 
you will s^e * that the apparent course 
of the sun is from east to west, and 
that it is always vertical to some part 
of this tract of our globe ; and since 
the wind follows the sun, it must, of 
necessity, blow in one direction con- 
stantly. 

♦ It is supposed the reader is acquainted with 
|^« second volume of the Scientific Dialoguc^s.- 

VOt. IV. o 
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• Emma. And is that due east ? 

FaJther. It is only so at the equa- 
tor : for on the north of this line the 
iiind declines a little to the north 
point of the compass, and this the 
more so as the place is situated far- 
ther towards the north ; on the south 
side the wind will be southerly. 

Charles. The greater part of this 
tract of the globe is water; and I have 
heard you say, that transparent me- 
diums do not receive heat from the 
sun. . . 

' Father. The greater part is cer- 
tainly water : but tlie proportion of 
land is not small: almost tlie. whole 
cqntinent of Africa, a great plurt of 
Arabia, Persia, the Eas.t-Jnf.lies, aad 
China, besides the whole ne^trly.of 
New Holland, and, numerous, islands 
iin . the .Indian .and P^ific, »c«ans i^ 
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and in the western hemispherej by far 
the greatest part of South A/nerica, 
NewSpain^ and theWest- India islands, 
come within the limits of 30 degrees 
north and south of the equator. 
These amazingly large tracts of land 
imbibe the heat, by which the sur- 
rounding air is rarefied, and thus the 
wind becomes constant ^ or blows in 
one direction. 

You will also remember, that nei- 
ther the sea nor the atmosphere are 
so perfectly transparent as to transmit 
«11 the rays of the solar light; many 
are stopped in their passage, by which 
both the sea and air are warmed to a 
considerable degree. These constant' 
or general winds are usually called 
trade-winds. 

Emma. In what part of the globe 
►do the periodical winds prevail ? 

o 2 
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Father. They prevail in several 
parts of the eastern and southern 
oceans, and evidently depend on the 
sun; for when the apparent motion 
of that body is north of the equator, 
that is, from the end of March to 
thp same period in September, the 
wind sets in from the south-west; 
and the remainder of the year, whilq 
the sun is south of the. equator, &e 
wind blows from the north-east. 
These are called the monsoons, or 
shifting trade-^inds, and are of con- 
aiderable importance to those who 
xpake voyages to the £a$t-Indie9. ' 

Charles. Do these changes t^ke 
place suddenly? 

Father. No ; somO" days before 
and after the change there are calms^ 
variable winds, and frequently the 
most yio|eQt; storms. 
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On the greater part of the coasts 
situated between the tropics, the 
^vind blows towards the shore in 
the day-time, and towards the sea 
by night. These winds are called 
sea and land breezes; they are af- 
fected bv mountains, the course of 
rivers, tides, &c. 

Emma. Is it the heat of the sun 
by day that rarefies the air over the 
land, and thus causes the wind? 

Father. It is : the following easy 
experiment will illustrate the subject. 

In the middle of a large dish of 
cold water put a water-plate filled 
with hot water; the former repre- 
sents the ocean,' the latter the land 
rarefvinj^ the air over it. Holci a 
lighted candle' over the cold water, 
and blow it out ; ' the smoke, you 
see, moves towards" tbe^ plate. Re- 

03 
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verse the experiment by filling tlie 
outer vessel with warm water, an(| 
the plate with cojd, the smoke will 
move from the plate to the dish. 

Charles. In this country there i^ 
no regularity in thfe direction of the , 
winds ; sonietinies the easterly wirida 
prevail fpr several days together^ 
at other times I have noticed the 
wind blowing from all quarters of the 
compass two or three Xxm^s in the 
same day. 

^Father. The variableness of the 
wind in this island depends probably 
on a variety of causes ; for whatever 
destroys the equilibrium in the at- 
posphere, produces a greater or less 
current of wind towards the place 
wh^re the rarefaction exists. 

It is generally believed that the 
electric fluid, which abounds in the' 
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^ir, is the principal cause of the va- 
riableness pf the wind here. You 
may often see one tier of clouds 
moving in a certain direction, and 
another in a contrary one ; that is, 
^he higher clouds will be moving 
perhaps north or east, while the 
weather-cock stands directly south 
or west. In cases of this kind a 
sudden rarefaction must have takjsn 
place in the regions of one set of 
these clouds, and consequently the 
pquilibrium destroyed. This pheno- 
menon is frequently found to pre- 
cede a thunder-storm; from whiojj 
it has'))een supposed that the elec- 
tric fluid is, in this and such like 
instances, the principal causib in pro- 
ducing the wind : and if in the more 
remarkable appearances we are able 
to trace the operating cause, we. ma:y 



• * 
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naturally^infer that those which are 
less so, but of the same natufe, de- 
pend on a like principle. 

Emma. Violent storms must be 
occasioned by sudden and tremen- 
dous concussions in nature. I re- 
member to have seen once last year 
(1800) some very large trees torn up 
by the wind. It is difficult to con- 
ceive how so thin and light a body 
can produce such dire effects. 

Father, The inconceivable rapid- 
ity of lightning Mill account for the 
suddenness of any storm ; and when 
you are acquainted with what velo- 
city a wind will sometimes rtfiove, you 
will not be surprised at the effects 
whifch it is capable of producing. 

Charles. Is there any method of 
ascertaining the velocity of the 
wind.^ 
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Father. Yes ; sevei^al machines 
have been invented for the purpose* 
But Dr. Derham, by means of the 
flight of small downy feathers, con- 
trived to measure the velocity of the 
great storm whi^h happened in the 
year 1 705, and he found that the wind 
moved 33 feet in half a second, that 
is, at the rate of 45 miles per hour : 
and it has been proved that the force 
of such a wind is equal to the per- 
pendicular force of 10 pounds avoir- 
dupois weight on every square foot. 
Jfow if you consider the surfece 
which a large tree, with all its 
branches and leaves, presents ta the 
wind, you will not be surprised, that, 
in great storms, some of them should 
be torn up by the roots. 

Emma, Is the velocity of 45 
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miles an hour supposed to be the 
greatest velocity of the wind ? 

Father. Dr. Derliain thought the 
greatest velocity to be about 6o miles 
per hour. But -Me have tables cal- 
culated to show i\\t force of the wind 
at all velocities from 1 to 100 miles 
per hour. 

Charley. Does the^brce bear any 
general proportion to the velocity ? 

Father. » Yes it does : the force 
increases as the square of the velo- 
city- 

Emma. Do you mean, that if on 
a piece of board, exposed to a given 
wind, there is a pressure equal to 1 
pound, and the same board be ex- 
posed to another wind of double velo- 
city, the pressure will be in this case 
4 times greater than it was before? 
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Father. That is the rule. The 
following short table, selected from 
a larger one out of Dr Mutton's Dic- 
tionary, will fix the rule and facts in 
your memory. 

TABLE. 



|the wind, m ^^"^^ °; °"! 
■^ squanre foot ii; 

pounds avoir- 

(fwpois. 



miles, per 
hour. 



10 

,40 
80 



,.'.133... 

* .492 
* 1:968 
; 7.872 
31.488' 



Common appelUtioos of tlie 
• wiuds. 



Gentle, pl^-^a^nt wind. 
Brisk gale. 
Very brisk. 
Very high wind. 
\ hurricane. 



' NoTB?.— Mh Brice' discovered; from obser- 
vations on.th6 jcdqi^»; or their shadows aiioving 
on the surface of the earth, th^^ the. velocity, 
af wind ina s<»orm was nearly 63 miles in an 
hour, 21 miles in a fresh gale, and nearly 10 
mil s in a breeze. 



»f! 



Cj I. 



^..i 
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CONVERSATION XVI. 



Of the Steam-Engine. 

FATHER. If you understand 
the principle of the forcing-puoip, 
you will easily comprehend in what 
manner the steam-engine, the moet 
Important of all hydrostatical ma- 
chines, acts. 

Charles. Why do you call it the 
most important of all machines? it 
is not a common one. 

Father. Steam-engines can b^ 
used with advantage only in those 
cases where gre&t power is required. 
They are adapted to the raising of 
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water from ponds and wells ; to the 
draining of mines ; and perhaps with- 
out their assistance we should not at 
this moment have the benefit of coal- 
fires. 

Emma. Then there cannot be two 
opini(Mis entertained respecting their 
utility. I do not know what we 
should do without them in winter, 
or even in summer, since coal is the 
fuel chiefly used in dressing our food. 

Father. Our ancestors had, a cen- 
tury ago, excavated all the mines of 
coal as deep as they could be worked 
without the assistance of these ^ort 
of endnes. For when the miners 
have dug a certain depth below the 
surface of the earth, the water pours 
in upon them firom ^11 sides ; conse- 
quently they have no means of going, 
on with their work without the asv 

VOL. IV. p 
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distance of a steam-engine, \\hich is 
erected by the side of the pit, and 
being kept constantly at work, will 
keep it dry enough for alt practical 
purposes. / 

The steam-engine was invented dur- 
ing the reign of Charles II., thdugh 
it was not brought to a degree of 
perfection sufficient for the draining 
of mines till neaily half a century af- 
ter that period. 

Charles. To whom is the world 
bdebted for the discovery ? 

Fathe7\ It is difficult, if not im- 
possible, to ascertain who was the 
inventor. The marquis of Worces- 
ter described the principle in a small 
work entitled " A century of inven- 
tions," which was published in the 
year.1663, and wa3 reprinted a few 
years. stn(^e in London. 
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Emma. Did the marquis con- 
struct one of these engines ? 
• ; Father. No; the invention seems 
ta have been neglected for several 
years, tvhen captain Thomas Savery, 
after a variety of experiments, brought 
it to some degree of perfection, by 
wiiich he was able to raise water, in 
small quantities, to a moderate 
height • . 

Charks, Did he tajce the ihven- 
tion from the marquis of Worcester's 
book ? 

Fttther. Dr. Desaguliers, who, in 
the ftiiddle of the last centuiy, entered 
at large into the discussion, maintains 
that captain Savery was wholly in- 
debted' to the marquis, ahd to con- 
ceal the piracy, he charges him with 
baling purchased all the books which 
contained the discovciy, and- burned 

p2 
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them. Captain Savery, however, de- 
dared, that he was led to the disco* 
very by the following accident:— 
^^ Having drank a flask of Florence 
wine at a tavern, and thrown the 
flask on the fire, be perceived that 
the few drops left in it were con* 
verted into steam; this induced 
him to snatch it from the fire, and 
plunge its neck into a bason of wa- 
ter, which by the atmospheric pres- 
sure, wa3 driven quickly into the 
bottle." 

Enima. This was something like 
an experiment which I have often 
seen at the tea-table. If I pour half 
a cup of water into the saucer, and 
then hold a piece of lighted paper in 
the cup a few seconds, and when the 
cup is pretty warm, plunge it with 
the mouth downwards into the sau- 
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cei", the water almost instantly disap- 
pears. 

Father, In both cases, the prin- 
ciple is exactly the same: the heat' 
of the burning paper converts the 
M^ater that hung about the cup, into 
steam^ but steam being much lighter 
than air, expels the air from the cup, 
-which being plunged into the water, 
the steam is quickly condensed, and 
a psgctial vacuum is made in the cup ; 
consequently the pressure of the at- 
mosphere upon the water in the saucer 
forces it into the cup, Justin lliesame 
manner as the water follows the va- 
cuum made in -the pump, 
.^ Charles. Is stQam, then, used for 
the purpQse of making a vacuum, in* 
stead of a piston ? 

Father. Just so: atid Dr. Darwin 
ascrijites to captain Savery the ho- 

. p3 
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nour of being the first persoa who 
applied it to the purpose of raising 
water : 

Nymphs ! you ere while on simmering cal- 
drons play'd, 
And caird delighted Saveky to your wd, 
Bade round the youth explosive stbah aspire 
In gathering clouds, and wing'd the wave with 

fire; 
Bade with cold streams the quick expansion 

stop, 
And sii^nk the immense of vapour to a drop. 
Press'd with the ponderous air the piston falls 
Resistless, sliding through its iron walls ; 
Quiclw moves the balanced beam, of giant birth. 
Wields his large limbs, and nodding shakes the 
earth. 

Emma. I remember the lines very 
well: will you describe the engine, 
that we may see how they apply ? 

Father. I shall endeavour to, give 
you a geneial and correct explana- 
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tion of /^ the principle and mode of 
acting of one of Mr. Wattes engines, 
without entering into all the minutise 
erf the several parts. 

A (Plate IV. Fig. 35.) is a section 
of the boiler, standing over a fire, 
about half full of water: B is the 
steam^pipe which conveys the steam 
from the boilfer to the cylinder c, in 
itbich the piston d, made air-tight, 
works up and down, a and c are 
the steam valves, through which the 
st^m enters into the cylinder ; it is 
admitted through a when it is to 
force the piston downwards, and 
-fllrough c when it presses it upwards. 
b and d are the eduction valves, 
tiirough which the steam passes from 
ifae cylinder into the condenser e, 
which is a separate vessel placed in a 
cistern of cold waterl and which lias 
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a jet of cold water continually play- 
ing up in the inside of it. f is, the 
air-pump, uiiich extracts the air 
and water from the condenser. It js 
worked by the great beam or levier 
R s, and the water taken from the 
condenser, and thrown into the hot 
well^\ is pumped up again by means 
of the pump y^ and carried back into 
the boiler by the pipe i i. k is ano- 
ther pump, likewise ^worked by the 
engine itself, which supplies the cis- 
tern, in which the condenser is fixed, 
with water. 

Charles. Are all three pumps, as 
well as the piston, worked by the 
action of the great beam ? 

Father. They are; and you see 
the piston-rod is fastened to the beam , 
by inflexible bars ; but that the stroke 
might be perpendicular, Mr. Watt 
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invented the machinery called the 
parallel joint, the construction of 
which Will be easily understood from 
the figure. - 

Emma. How are the valves opened 
and shut? ^ 

Father. Long levers o and p are 
attached to them, which are moved 
up and down by the piston-rod of 
the air-pump e f. In order to com- 
inunicate a rotatory motiori to any 
machinery by the motion of the 
beam, Mr. Watt makes use of a 
large fly-wheel x, on the axis of 
which is a smtiU concentric toothed 
wheel H ; a similar toothed wheel i 
is fastened to a rod t coming from 
the end of the beam, so that it can- 
not turn on its axis, but must rise 
and fell with the motion of the great 
beam. 
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A bar of iron connects the centres 
of the two small toothed wheels; 
when therefore tlie beam raises the 
M'heel I, it must move round the 
circumference of the wheel h, and 
with it turn the 41y-wheel x ; w hich 
*ill make two revolutions while the 
wheel I goes round it once. These are 
called the Sun and Planet wheels ; 
Hy like the sun^ turns only on its axis, 
while I revolvx^s about it as the planetis 
revolve round the sun. 

If to the centre of the fly-whed 
any macliinery were fixed, the mo- 
tion of the great beam k s would keep 
it in constant work; 

Charles, Will you describe the 
operation of the engine ? 

Father, Supj^ose the piston at the 
top of the cylinder, as it is repre- 
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sented in the plate, and the lower 
part of the cylinder filled with steam. 
By means of the pump-rod e f, the 
steam valve a and the eduction valve 
^will be opened together, the branches 
from which being connected at (?. 
There being now a comrnqnication 
at & between the cylinder afnd: con- 
denser, the steaih is forced - from the 
former into the latter, leaving the 
lower part of the cylinder empty, 
while the steam from the boiler en-^ 
tering by the valve a presses upon 
the piston, and forces it down. As 
soon as the piston has arrived at'the 
bottom, the steam valve c and the 
eduction valve h are opened, while 
those at a and d are shut : the steam, 
therefore, immediately rushes through 
the eduction valve b into the -con- 
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denser, while the piston is forced up 
a^ain by the steam^ which is now ad' 
mitted by the valve c *. .^ 

*The author is obliged to Mr. LowaT, 
engraver, and the proprietors of that interest- 
ing and useful periodical publication, entitled, 
** The Philosophical Magazine, comprehendiiig 
the various Branches of Science, &c. SccJ' fiir 
the drawing of a steam-engine, wbick be iuis 
Copied with some few alterations. 
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CONVERSATION XVII. 



Of the Steam- Eiigine. 

CHA RLES. I da not understand 
bow the two sets of valves act, which 
you described yesterday, as the steam 
^3d eduction valves. 

Father. If you look to Fig. 36- 
Plate IV., there is a different view of 
this part of the machine, unconnected • 
with the rest : s is part of the pipe 
which brings tlie steam from the 
boiler, m represents the valve, which, 
being opened, admits the steam inta 
the upper part of the cylinder, forcing 
dowii the piston., 

VOL. IV* <i 
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Emma, Is not the valve d opened 
at the same time r 

Father. It is : and then tlie steam 
which was under the piston is forced 
through into the condenser e. When 
the piston arrives at the bottom, the 
other pair of valvesi are opened, viz. 
c and b ; through c the steam rushes 
to raise the piston, and through b the 
stearic which pressed the piston down 
before, is driven out into the pipe r, 
leading to the condenser; in this 
there is a jet of cold water constantly 
playing up, and thereby the steam is 
instantly reduced into the shape of 
hot waiter. ' ' 

' Charles. Then the condenser e 
(Fig/'3D.)'^*>I1 s^h be full of water. 

Father. '*It ^ould, if it were not 
connected byrthe pipe z with the 
pump f: and every time the great 



4 *• 



THR ^TEAM^BNGINE. 171 

bqam R s is brought down, tlie 
plunger, at the bottom of the piston 
rod « F, descends to the bottom of 
the pump. 

Emma, Is there a valve in the 
plunger? 

Father. Yes, which opens up- 
wards, consequently all the hot water 
which runs out of the condenser Into 
the pump, will escape through the 
valve, and be at the top of the 
plunger, and the valve not admitting 
it to return, it will, by the ascent of 
thl^ piston>rod into the situatioiv as 
IS shown m the plate, be driven 
through n into gt the cistern of hot 
water, from which, owing to a valye, 
it cannot return. 

' Charles. And I see the same, n^o- 
tion of the great beam puts the pump 
yy in action, and brings over the hot 

Q 2 
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water from the cistern g^ through the 
pipe I i into the little cistern ir, which 
supplies the boiler. 

Emma, If the pump k brings in, 
by the same n»otion the water from 
the well w, do not the hot and cold 
water intermix ? 

• Father. No: if you look care- 
fully in the figure, you will observe 
a strong partition v, which separates 
the one from the other. Besides, you 
may perceive that the hot water does 
not stand at so high a level as the 
cold, which is a sufficient proof that 
they do not communicate. Indeed 
the operation of the engine would be 
greatly injured, if not wholly stopped, 
if the hot water communicated with 
the cold ; as in that case the water, 
being at a medium heat, would be 
to(i warm to condense the steam in ^, 
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and too cold to be admitted into the 
boiler without checking the produc* 
tionof the steam. ^ 

Charles, Therfe are some parts of 
the apparatus belonging to the boiler 
ivhich you have not yet explained. 
What is the reason that the pipe y, 
which conveys the viater from the 
cistern v to the boiler, is turned up 
at the lower end ? 

Fa4het\ If it were not bent in 
tJb^at manner the stqam that is gene- 
rated at the bottom of the boiler 
would rise into the pipe, and in a 
great measure prevent the descent of 
tiie water through it, - 

Evma. In this position I see 
clearly no steam can enter. the pipe, 
because steam, being much lighter 
than, water, must rise to the surface, 
i^qd cannot possibly sink through the 

^ <l3 
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bended part of the tube. What does 
m represent? 

Father. It represents a stone sus- 
pended on a wire, which is shown by 
the dotted line; this stone is nicdy 
balanced by means of a levqr, to the 
other ends of which is another wire, 
connected with a valve at the top of 
the pipe y, that goes down from the 
cistern. 

Charles. Is the st»ne so balanced 
as to keep the valve sufficiently open' 
to admit a proper quantity of water?' ' 

Father. It is represented by the 
figure ijn that situation. By a prin- 
ciple in hydrostatics*, with which 
you are acquainted, the stone is 
partly supported by the water; if 
then by increasing the fire, too great 

* See Vol. III. On Hydrostatics. Cwiver. XL 
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an evaporation take place, and the 
water in the boiler sink beiow^ its^ 
proper level, the stone also must sink/ 
tvhich will cause the valve to open 
wider, and let that from the cistern 
<:ome in faster. If, on the other 
hand, the evaporation be less than it 
ought to be, the water will have a 
tendency to rise in the boiler, and 
with that the stone must rise, and 
the valve will, consequently, let 
the water in with less velocity. By 
this neat contrivance the water in 
the boiler is always kept at one 
level. 

Emma What are the pipes / and 
ti for ? 

Father. They are seldom used, 
but are intended to show the exact 
height of the water in the boiler. 
The one at t reaches very nearly to 
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the surface of the water when it is at 
the proper height : that at u enters a 
little below the surface. Jf then the 
water be at its proper height, and 
the .cocks t and u he opened, dteam 
will issue, from iW former^ and xvater 
from |ije latter. But, if the water be 

too hi^fi it will rush out at t instead 

< * 

qf steam : if tpo loxCy the steam will 
igsue out of w instead of water. 

Charhs, Suppose things to be as 
rejjresehted in the platc^ w hy will the 
water rush out of the cock u if it be 
opened? it will not rise above its 
level. 

Father, True : . but. you forget 
that there is a constant pressure of the 
steam on the surface of the water in 
the boiler which tends to raise the 
water in the pipe u. This pressure 
would force the water through tho 
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pipe, as in an artificial fountain, see 
p. 73 and 74. 

Note.— In the next conversation will be 
given an account of the purposes to which the 
steam-engii>e is applied. But perhaps one of 
the most striking exhibitions of the wonderful 
efiTects of this machine is to be seen in thtat part 
of the Portsmouth dock^rard in which the 
blocks for shi|>s are made. These blocks are 
completely finished from the rough timber, 
'with scarcely any manual labour, by means 
of different saws and other tools worked by 
4hQ steamrcngioe. 
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CONVERSATION XVIIL 



Of the Steam-Engine^ and Papins 

Digester. 

CHARLES. We have ^een the 
structure pf the steam-engine and its 
mode of operation; but ^ you have, 
not told us the uses to which it is 
applied. 

Father. The application of this 
power was at first wholly devoted to 
the raising of water, either from the 
mines, which ceuld not be worked 
without such aid, or to the throwing 
it to some immense reservoir, for the 
purpose of supplying, with this useful 
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fiirticle, places which are higher than 
the natural level of tlie stream. 

Emma. Is 'it to this that Dr'. 
Darwin alludes in the lines, 

Here higb in air the rising stream he pours, 
To clay-built cisf^rns» or to lead-lin'd towers^ 
Fresh through a. thousand pipes the wavedistil^. 
And thirsty cities drink th* exuberant rills. 

Father. It is; and you might 
have repeated the whole passage, in 
which the steam-engine, represented 
as a giant-power, i3 supposed appli- 
cable to the bringing up of the t^oaJs, 
and other ore frdhi th6 mine, and to 
the w^orking of the bellows at the 

furnace, in which the ore is melted : ■ 

* . • • 

Eai^ihe wh^te fiame^ and fuse t^e sparkling^oxe. 

The author refer^'ttlso' to ihe appliea- 
ti<?ri of- tliis^ eiigine tb'^ikoos oth^f 
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purposes, such as the workii^ o^ 
mills, the threshing of corn, and 
cokiiQ^, In making the copper 
money now in use, the ingenious 
Mr. Boulton has contrived, by & 
single operation of the stedm-^ngiae, 
to roll the copper out to a pro[^r 
thickness, to cut it into circular 
pieces, and to make the faces and 
the edge. 

Chfirkf, How is the power of 
these engines estimated ? 

Fqther, The power varies accord- 
ing to the size. That at. Messrs. 
}V^hitbread's brewbouse, to. which I 
have had access through the kind* 
nesa of Mt. TinHJtby JBcQwn, agen^ 
tleman well known for his liberality, 
and attachment to men of sdence 
and. literature, l^w e. cylinder. 24 
inches in diapaeter^ and wJU perform 
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the work of S4 horses/ working night 
and day. 

Emma. Biit the horses cannot 
work incessantly- 

Father. They will work only eight 
hours, at the average, out of the 
twenty-four, therefore since the en^ 
^ gine is kept continually at work, it 
will perform the business of 72 horses. 
The coals consumed by this engine are 
about seven chaldron per week, or one 
chaldron in 24 hours. 

By the iapplication of different ma- 
chinery to this engine, it raises the 
mait into the upper warehouses, and 
grinds it; it pumps the wort from 
the under-baeks into the copper; 
raises the wort into the coolers: it 
fills. the. barrels when the beer is made.; 
and when the barrels are full and pro- 
perly bunged, they are, by the steam- 

VOL. IV. B 
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engine, driven into the store-houses in 
they next street, a distance of niore 
than a hundred yards, and let down 
into the cellar. 

Charles. I do not wonder then 
that Dr. Darwin should anticipate the 
still farther extension of this useful 
power : 

Soon shall thy arm, uncanquered steam ! afar 
Drag the slow barge, or drive the rapid car; 
Or on wide waving wings expanded bear 
The' flying chariot through the fields of air. 
Fair crews triun>phant, leaning fronabove. 
Shall wave their fluttering kerchiefe as thejmoTe^ 
Or \4rarrior-bands alarm the gaping crowds 
And armies shrink beneath the shadowy cloud. 

Emma. Why does Dr. Darwin, in 
the passage you quoted the other day, 
call it e.vplosi'ee steam? 

Father. From a great variety of ac- 
cidents; that- have happened through 



TH£ ST£AM«*£NCIN<. 18S 

• 

careless people, it appears that the ex- 
pansive force of steam suddenly raised 
is much ' stronger than even that of 
gunpowder. At the cannon foun- 
dery in Moorfields, some years ago, 
hot metal was poured into a mould 
that accidentally coid;ained a small 
quantity of water, which was in- 
stantly converted into steam, and 
caused an explosion that blew the 
foundery to pieces. A similar ac- 
cident happened at a foundery in 
Newcastle, which occurred from a 
little water having insinuated itself 
into a hoUow brass ball tliat was 
thrown into the melting pot. 

Charles. These facts bring to my 
mind a circumstance that I have often 
heard you relate, as coming within 
your knowledge* 

r2 • 
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Father. You do M'ell to remind me 
of it. The fact is worth recording, 
A gentleman who was carrying on , a 
long series of experiments, wished 
to ascertain the strength of a copper 
vessel, and gave orders to his work- 
men for the purpose. The vessel, 
however, burst unexpectedly, and 
in the explosion it beat down the 
brick wall of the building in which 
it was placed, and was, by the force 
of the steam, carried 15 or 20 yards 
from it ; several of the bricks were 
thrown 70 yards from the spot; a 
leaden pipe- suspended from an ad- 
joining building, was bent into a 
right angle; and several of the men 
-wfere so dreadfully bruised, or scalded, 
that for many weeks they were un- 
able to stir from their .beds. A very 
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intdligent person, ^'ho conducted 
the experiment, assured me that be 
had not the smallest recoUectioa how 
the accident happened, or by M'hat 
means he got to bia bed^room af^ 
ter it. , 

Emfiifl. Is it by ^ie force of steam 
that bones are dis9Qlved in Papins 
Pigester 9 which you p^romised to de- 
scribe*? 

Father. No; that operation is 
performed by the great beat produced 
in the digester. Plate iii. Fig. 26. 
is a representation of one of these 
machines. It is a sitrong metal pot, 
at least an inch thick in every part ; 
the top is screwed down, so that no 
steam can escape but. through the 
valve V. 

* Set Vol. r. QfMechanici. Conver. III. 

R 3 
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Charles, • What kind of a valve 
is it? 

Father. It is a* conical piece of 
brass, made to fit very accurately, 
but easily moveeible by the steam of 
the water when it boils : consequently 
in its simple state the heat^of the 
water will never be much greater 
than that of boiling water in an opea 
vessel. A steel-yard is therefore fitted 
to it, and by moving the x^^eight w 
backvrards or forwards, the steam 
will have a lesser or greater pressure 
to overcome. 

JEmma. Is the heat increased by 
confininjw the steam? 

Father. Yoa feave seen that, in 
an exhausted receiver, water not near 
so hot as the boiling point, will have 
every appearance of ebullition. It 
is the pressure of the atmosphere that 
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causes the heat of boiling Water to 
be greater in an open vessel, than in 
one from which the lair is exhausted. 
In a vessel e^osed to condensed air, 
the heat required to make the water 
boil would be still greater. Now by 
confining the steam, the pressure may 
be increased to . any given degree. 
If, for instance, a force equal to 14 
pr 15 pounds be put on the vaJLve, the 
pressure upon the water^will be dou- 
ble that produced by the atmosphere, 
and of course the heat of the water 
will be greatly increased, 

Charles. Is there no danger to be 
apprehended from the bursting of the 
vessel? ^ 

Father. If great care be taken not 
to load this valve too much, the^ clanger 
is not very great. But in experiments 
made to ascertain the strength of any 



particHlar i^essel, too great precautions 
cannot be taken. 

Under the direction of Mr. Papin, 
the original idventor, the bottom of a 
dfoester was torn off with a wonderful 
explosion : the blast of tlie expanded 
water blew all the coals out of the fire- 
place, the remainder of the vessel was 
hurled across the room, and striking 
the leaf of an oaken table an inch 
thick, brdke*it in pieces. The least 
sign of water could not be discerned, 
and every coal was extinguished in a 
moment. 
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CONVERSATION XIX. 



Of the Barometer. 



It'. 



V FATHER. As these conversa- 
tions are intended to make you fa- 
miliar with all those philosophical in- 
struments that are in common use, as 
well as to explain the use and struc- 
ture of those devoted to the teaching 
of science, I* shall proceed with an ac- 
count of the barometer, .which with 
the thermometer are to be found in 
almost every house. I will show you 
how the barometer is made, without 
any regard to the frame to which it is 
attached. 
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A B (Plate III. Hg. 27.) is a glass 
tube, about 33 or 34 inches long, 
closed at top ; that is, in philosophical 
language hermetically sealed; d is a 
cup, bason, or wooden trough, partly 
filled with quicksilver. I fill the tube 
with the quicksilver, and then put 
my finger upon the mouth, so as to 
prevent any of it from running out ; 
I now invert the tube, and plui^ it 
in the capj}. You see the mercury 
subsfdeft three or four indies; azul 
^hen the tube is fixed to a graduated 
frame, it is calleid a barometer, or 
weather-gtass, and yo«i know it is con- 
sulted by those who study and attend 
to tht changes of the weather. 

Emma. Why does not aU tlie quick- 
silver run out of the tube ? 

Father. I will ansirer you, by ask- 
ing another question : What is the 
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reason that water will- stand iii an 
exhausted, tube, provided the Eiouth 
of it be plunged into a vessel of the 
same ^uid ? 

Charles. In that case tiie water is 
kept in the tube by the pressure of the 
atmosphere on the surface of the 
water into which it is plunged. If 
you resort lo the same principle, in 
the present instance, why does the 
water stand 33 or 34 feet^ but tlie 
mercury only 29 or 30 inches ? 

Father. Do you not recollect that 
mercury is 14 times heavier than wa- 
ter, therefore, if the pressure of the 
atmosphere will balance 34 feet of 
water, it ought, on the same principle, 
to balance only a 14th part of that 
that height of mercury: now divide 
34 feet, or 408 inches, by 14. ' 
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EmnUt. The quotient is little more 
than 29 inches. 

Father. By this method Torricelli 
was led to construct the barometer. 
It had been accidentally discovered 
that water could not be raised more 
than about 34 feet in the pump. 
Torricelli, on this, suspected that the 
pressure of the atmosphere was the 
cause of the ascent of water ip the 
vacuum made in pumps, and that a 
^ column of water 34 feet hij^h was an 
exact counterpoise to a. column of air 
which extended to the top ;of the atr 
mosphere. Experiments soon con- 
firmed the tr.uth of his conjectures. 
He tlien thought, that if 34 feet of 
water were a counterpoise to tlie pres- 
sure of the atmosphere, a column 
of mercury, as much shorter than 34 
^ feet as mercury is heavier than vvuter^ 
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would Skewise sustain the pressure of 
the atmosphere : he obtained a glass 
tube for the purpose, and found his 
reasoniftg just. 

^ Chafks. Did he apply it to th6 
purpose of a weather-glass ? 
•> Father. No : it was not till some 
time aftpr this that the pressure of the 
air was known to vary at different 
times in the same place. As soon as 
that wau discovered, the application 
of the lorricellian tube to predicting 
the charges of the weather immedi- 
ately suqceededf 

Char lis. A barometer, then, is 
an instrument used for measuring 
the weight or pressure of the atmo- 
sphere. 

Fathef^* That is the principal use 
of the bait>mete,r : if the air be dcitsCy 
the mercilry rises in the tube, and 

VOJL. ^v, s 



todicates fair weather: tf it gtov» 
Ught^ the mercury falls, and presagbt^ 
rain, snow, &c.* 

The height, of the mercurj m tbe^ 
tube is called the standard dtitude^. 
which in this country Aactuites be*- 
tifeen 28 and 31 inches, and the 
difference between the greatost and 
least altitudes is called the $cale ^ 
variation. 

Emma. Is the iluctiiatioii of ^ 
mercury different in other parts of the 
world ? 

Father. Within and near the tro*- 
pics, there is little or no vamtton in* 
the height of the mercury in ^e ba- 
rometer in all weathers.: ihis is (Jie 
case at St. Helena. At Jaraaica the 
variation very rarely exceeds three- 

* Se« th« rules at tilie eniiiof fke vo]t}m«. 
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taitlisr of an indi : at Naplfs it ii 
about otie inch : whereas in £iigi«ttd 
ilr is nearly tbreo inches, m^ at 
Vetersliurgk k is Ii9 much as^ 9| 
imhcB^ 

€£^irfl»i The &c^h of tariatidti i$ 
the silvered plate, whicli is divided 
iftt^ inches and tenths of tat ktch : 
kut vAsiiL dd jFoU eaU the Kiw^yA 

Father. It is itatled a f^enttcr^ 
flNMD^ ii:i& invteMor^s^ nam^, at)d the 
ttke d? it fg tt>^»to# the Aiii^itsrtic^ of 
the mercuirjr t6 the btltidfedtb part 
Df ag imh« Tl)^ se«il0 of mches is 
]^b43^ cm the right side of tha ba^e>- 
Ateter M%e, the beginnilhg of the 
seate bebg the surface of the m^r- 
tirty ift the bason : the T«rnier plate 
awiiMdex are moveable, s6 that the 
inden may, at any time, b^ aet to 
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indicates fair w^atber: if it ghHw 
li^htj the mercury falls, aod pKsager 
rain, snow, &c.* 

The height, of the imitriny m tb^ 
tube is called the standard §dtitude,^ 
which in this country AactiMtes be^ 
tvreen 23 and 31 inchcSp imd tbt 
difference between the greatest aod 
least altitudes is called the scale of 
variation. 

Emma. Is the flucttiatioi of t&e 
mercury different iia other parts of thr 
world ? 

Father. Within and near the tro*- 
pics, there is little or no vamtion in^ 
the height of the mercury in the ba- 
rometer in all weathers.: (bis is the 
case at St. Helena. At Jamaica the 
variation very rarely exceeds tl^'ee- 

* See tlitt rules at tiie enii;of tke v^i)m«i« 
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teitlisr of sn inoh: «t Napifs it u 
about otie inch : whereas in £nglimd 
it h nearly three inches, mtd at 
fiiltersll|urgk it is a» much as^ S|| 
mhceu 

€iar&ii The 8«ftte of tatiatioti h 
the silvered plate, which is divided 
iiita> iiicl«» and tenths of aa kteh : 
iMftt t^4iak dtf jFOii e«U the no^veaUft 

Father. It is eatled a wrmef\ 
ttmn^ the invt^Mor^s^ names and the 
uke d:Ht te tt> =stoir the #<iMuatioin of 
the mercuif^ 16 the htindfc^th part 
€fi M iiaialu Tlie secilo of kiches is 
j^e^d* 0» the right side of tb^ Ibar^ 
Bifiter tti^Cj the t)eginnijig of thfc 
eeate befcig the surface of the m^r- 
etjtfy in the basow : the vernier plate 
Hftdf infdex are moveable, so thattbfe 
indei: may, at any time^ be set to 

&3 
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the upper sur&ce of the columa of 
mercury. \ 

Enima. I have often seen you 
move the index, but I am still 
at a loss to conceive how ^ou di- 
vide 'the inch into hundredth parts 
by it. 

: Father. The barometer-plate is 
divided into tenths ; the length of the 
vernier is eleven tenths, but divided 
into ten equal parts. 

Charles. Then each of the tea 
parts is equal to a tenth of an inch, 
and a tenth part of a tenth. 

Father. . True : but the tenth part 
of a tenth is equal to a hundredth 
part, for you remember that ip di- 
vide, a fraction by any number is to 
multiply the denominator of thefracr 
tion«by the number, thus ^ divided 
by 10= 
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Pappose tfee index of tiie* vernier 
t^ coincide ex!ac% with one of tbe 
difi^oas of the scale of variation^ w 

Bmma. Then there is no diffieulty ; 
1^ height of the barometer is said to 
be 29t iiKjhes and 3 tenths. 

Father. Perhaps, intlie coitrse of 
ft ^ffi(f hoar^ you observe that the 
itiermry has risen a very litfle, whal 
tritt you do ? 

Mmma. I wilt raise the vemfer ev^i^ 
irith thd mercury. 

Packer. Awrf yoa find the index 
&o much higher than the di^ion 3 on 
j^he spald;^ as to bring ti]^e figure } on 
the vtrnier even with the second tenth 
on ths scale.. 

Emma. Then the whole hei^t is 
g9 inches 2 tratfas, and one of the 
(Itvisions on the vernier; which is 

S3 
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equal. to ^ tenth ai^d a hundredth; 
that 19, the height of the mercurj is 
S9 inches, 3 tenths, and 1 hundredth, 
or 29.31. 

Father. If figut-e 2 on the vetnier 
stand. even with a division on the 
scale, how should you call the height 
of the mercury ? 

Emma. Besides the number of 
tenths, I must add 2 hundredths, be- 
cause each division of the vernier conr 
tains a tenth and a hundredth : there- 
fore I say the barometer stancb at 
29.32; that is, 29 inches, 3 teatbs, 
and 2 hundredths. 

Father. Here is a representation 
A B (Plate I IK Fig. 28.) of th€ up- 
per part of a barometer tube; the 
quicksilver stands at between A aid c: 
from ^ to 42? is part of the scale of va^ 
nation : I to 10 ia the vernier, equal 
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inJength to ^-^dis of an meh', but'di- 
vided. into 10 equal patts^ Iiii the 
present position of tbe mercary, . iibe 
figure. 1 on tiie vernier coincides ex- 
wtfy with Sff.S' on the. scale} rand 
fin(fing the index stand between the 
6tb and 7th divisions on the scale^ I 
therefore read the height 29.61 ; that 
is, 29 inches, 6 tenths, and 1 him- 
dredth. 

Charles, 1 .now understand the 
principle of the barometer^ but I want 
a guWe to teach me how to predict 
the changes of the weather, which the 
rising and falling of the mercury 
presage. 

Father. I wUi give you rules for 
this purpose in a few days*. Before 
we meet again, you may commit to 

* See the -end of the volume. 

V 
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jour. mQnxMry some Ua^ <bedi]ti6iUy 
(kecriptive of this inefttfuBiisnty tdtui 
trj^cb iDclode a just ncsnai^liineQl to 
tto memory of Torricelil^ and Boyle^ 
botfi of whota tre:oetebratedftor tbck 
discaverias in this part of science; 

You charitt'd, indulgent S y x,ph s ! their Icam^ 

ed toily 
And crown'd witk fame your T'OREtCELL and 

Boyle; 
Taught with sweet smites, itspoosive to their 

praytr^ 
The ^ring and pressure of the viewless nix; 
— How up exhausted tubes bright currents flow 
Of liquid silver from the lake below; 
Weigh the long column of th' incumbent skies, 
And with the changeful moment fall atnl rise. 

BOTAKXCAL 64RPEK. 
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Of the Barometer y nnd its Applkati&^ 
' to the measuring of Altitudes. . ' 
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I CHARLES.- lb those lines yciju 
gtive us. ' tQ leapn; Dr. Darwin : sa^^^ 
"Weigh the hng ciolumn of tbe in^ 
fiumbent skies :" lA the height of the 
atmosphere 4snowii ? . . i 

Father. If the fluid air- were simi^ 
lar to watery that is, every where of 
tiie same density, nothing would be 
ffi^ier tban to calculate its height.--^ 
When the . barometer stands at 30 
inchesy the jspecific gravity of the 
atmosphere is 800 times less than 
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that of water*; but mercury is 
about 14 times heavier than water^ 
consequently the specific gravity of 
mercury is to that of air as 800 mul- 
tiph*ed by 14 is to 1 ; or mercury is 
ll^SOO times heavier than air. la 
the case before us, a cduxxm of me^ 
cury, 30 inches long, balances the 
whole weight of the atmosphere; 
therefore, if the ai^ were equally dense 
at all heights to the top, its heig^ 
must be 1 l^SOO times 30 ii^ches ; that 
is, the column of ak* mu«t be as muok 
longer than that of the mercury^ m 
t))e former is lighter then tbe latter. 
Do you ufiderfctaad me ? 

Charks. I think I doc 1 1,^100 mul^ 
tipHed by dO gives 336,000 inches, 
which are equal to 5 J milesnearly, 

^ S«e Conversoiioii yi. q£ tUti Yoiaam. 
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\ Father. Tbat would be tbe boigbt 
ef the ikttnospb^e if it were equally 
dense in all parts : but it is ibund 
that the air, by its elastic qualityi 
expands and qontrapts, and that at 
8|- miles above the surface of the 
earth it is twice as rare as it is at 
Ae surface; that at 7 miles it is 4 
times rarer ; at lO^- miles it is 8 times 
rarer; at 14 miles it is 16 times rarer; 
and BO on, according to the following 
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Now if you were disposed to carry 
on the addition oa one side, and tho 
muldplicatibn on the other« yoQ wooU 
find that at 500 miles above ithe sur* 
face of the earth, a single cubical lucb 
of sucl) air as we breathe, would be 
so much rarefied as to fill a hoUow 
spliere, equal in diameter to the vast 
orbit of the planet Saturn. 

Emma. Is it inferred from this that 
the atmosphere does not reach to any 
very great height? 

Father. Certainly ; for you have 
seen that a quart of air at the earth's 
surface weighs but about 14 or- 15 
grains ; and by carrying on the above 
table a few steps, you would perceive, 
that the same quantity, only 49 miles 
high, would weigh less than the Id 
thousandth part of 14 grains, conse* 
quentiy at that height its density 
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must be next to. nothing. From ex- 
periment and calculation: i% is gene- 
rally admitted) that the atmosphere 
reaches about 45 or iO miles above 
the eartb'9 surface; 
' Charles. By comparing th» state 
of the atmosphere at the bottom and 
at the top of a mountain, should you 
perceive ; a sensible difference ? 

^Father. We must not trust to our 
feelings on such oocafeions; The ba- 
rometer will be a, sure guides I will 
-not trouble you with calculations^ 
butiinenfion two or .three facts, with 
•the f coitclusionsi tQ be dirawa from 
them. In ascending the :Puy de 
Domme, a very high mountain in 
France, the quicksilver fell 3-\ inches ; 
and the height of the..niDuntain iwas 
fotind, by Uned^urement, to be 3fi04 
feet 'By a'sihlilar experiment upon 

VOL. IV. T 
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Snowden, in Wales, the qukkaHTer 
was fpund to have fallen 3^ inches 
at the height of S7£0 feet above the 
surface of the earth. 

From these and many otiier obser- 
▼ationt it is inferred, that in ascend- 
ing any lofty eminence, the mercury 
in the barometer will fall -^ of an 
inch for every 100 feet of perpendi- 
cular ascent. This number is not 
rigidly exact, but sufficiently so for 
common purposes, and it will be 
easily remembered. The three fol- 
lowing observations were taken by 
Dr. Nettleton near the town of 
Halifax : 



Perpeiidi<ni- 
lar altitude 
in feet. 


twn of the 
Saiometier* 


R%hestitt- 

tkn of tlie 
BuDmeter. 


Difierenct. 


102 


29.78 


Q9.66 


0.12 


336 


89.50 


29.as 


0.97 


607 


ao.oo 


Q9A6 


0.55 
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Emma. If I ascend a hi^ bill^ 
and, taking a barometer with me, .find 
the mercury has fallen l^ inch, may 
I not conclude that the hill is 1500 
feet perpendicular height ? 
' Fhtker. You may. Are you aware 
how great a pressure you are coutt* 
nually sustaining ? 

Emma. No; it never came into 
my head. I feel no burdeft from it, 
therefore it cannot be very gt*eat 

Hither. You sustain evei^ mbm^t 
k weight equal to many tons, which if 
ft were not- balanced by the ekistie 
Ibree of thp air within the body, would 
crush you to pieces ; this is wdll de* 
iscribedby Mr. Lofft 

Jnternai balancing external force, 
Remove the externa,!, and, to atoms torn. 
Our dissipated limbs would strew the earth : 
fcej^ove the interim], in a moment crushed 

T2 
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By greater ifeight of the Incumbent air. 
Than rocks, bj fabled giants ever thrown. 



Charles. \ We might indeed have 
inferred that it was consiaerc^ble from 
the sien£fs^tiQn3 that we feU.when the 
air was taken from under our hands. 
3ut howy jSir^ /do you make out the 
assertion? 

F(fther. When the barometer 
staods fit, 99^5 the pressure of the. air 
upon /every square inch is more than 
l^qual Xo 14 pounds ; caU it 14 pounds 
for the sake of even numbets, and 
tlie surface of a middle sized man is 
14 J feet; tell me now. the weight he 

sustains. 

• ♦ 

Charles. ' I must multiply 14 by 
the number of square inches in 14|^ 
feet: npw there are .144 inches in a 
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square foot, btesequently in 141- 
fMt tiiere are !2088 square Itiches; 
therefore 14 pounds multiplied b^ 
2088 will give 29,23g, the number of 
pournk'-weight pressimg opoti siidia 
^rson. 

FuaktP. That is equal to about 
1 3 tons ; ik)W if Emma reckons herself 
half only the size of a grown person, 
th€ pressure upon her will be equal to 
G^ tons. 

Emma, What must the pressui^ 
upon the whole earth be ? 

Father. This you may calculate at 
your leisure, I will furnish you with 
the rule. 

" Find the diameter of the earth* 
from which you will easily get the 
superficial measure in square inches, 

* See Vol..|L Cox^ver. VII. Note, p. 80. 

t3 
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ahd! this y Oil Biust multiply by 14, and 
you get the answer to the question 
in pounds avoirdupoid." 

The earth's surface contains about 
SK)09QOO,OOO square, niiles: and as 
every square mile contains 27,876,400 
square feet, there n)u^t be 5,575,280, 
000,000,000 square feet in tjie earth's 
surface, which number .muUipli^ by 
the pressure, on e^ch, square foot, 
gives the gives the whole weight of th« 
id:mosphere. 



THS TBBRMOMBTER. %\l 



CONVERSATION XXI. 



Cff the Thermometer. 

^FATHER. As the barometer is 
intended to measure the different de« 
grees of density of the atmosphere^ 
so the thermometer is. designed to 
mark the changes in its temperature, 
with, regard to heat and cold. 

Emma. Is there any diflFercnce be- 
tween the thermometer that is attach- 
ed to the barometer, and that which 
luangs out of dpors ? 

Father, No ; they are both made 
by the same person, and are intended 
to show the same effects. But for 



the purposes of accurate observatioi^. 
It is usual to have two instruments^ 
one attached to, or near the baro- 
meter, and the other out of doors, 
to which neither the direct nor re- 
flected rays of the sun should ever 
come. Though my thermometers 
are both of the same construction, 
and' such as are principally used in 
this cpuntry, yet there are others 
made of different naaterials and upon 
tlifferent principles, 

Chnrks. Does not this thermo- 
meter consist of mercury enclosed in 
a glass tube which is fixed to a gradu* 
^ted frame ? 

Father. That is the construction 
of Fahrenheit's thermometer: but 
when these instruments were first in- 
vented, about 200 yeax-s ago, air, 
water, spirits of wine, and then oil. 
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were made use of; but these have 
given way to quicksilver, which is 
coDsidered as the best of all the fluids^ 
being highly susceptible of expansion 
and contraction, and capable of ex- 
hibiting a more extensive scale of 
^eat rFahrenheit's thermometer is 
chiefly used in Great Britain, ahd 
Reaumur's on the Continent. 

Emma* Is not this the principle of 

the thermometer, that the quicksilver 

• ■ ♦ • • * 

expands by heat, and contracts by 

cold? 

»»,'■ ' «. ..< 

: Father. It is ; place your thumb 
on the bulb of the thermometer. 

Emma. The quicksilver gradually 
rises. 

Father. And it will continue to 
rise till the mercury and your thumb 
are of equal heat. Now you have 
taken away your hand, you perceive 
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the mercury is falling . as fast as it 
rose. 

Charlies. Will it come down, to Ihc 
same point at which it stood before 
Emma touched it? 

Fatktr. It will, unless, in this 
short space of time, there has been 
any change in the surrounding air. 
Thus the thermometer indicates th6 
temperature of the air, or, in fact, of 
^hy body with which it is in contact. 
Just now it was in contact with your 
thumb, and it rose in the space of a 
minute or two from 56* to 52"*; had 
you held it longer on it, the tnercuty 
wotild have risen still higher. It is now 
falling. Plunge it into boiling water*, 

* This should be dbne very gradually, by 
holding it some time in the steam, to prevent 
fts breaking by the sudden heat. 
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find 5?QU will find thiit the mercury 
rises to SI 2*. Afterwards you may, 
when it is cool, place it in ice^, in its 
.m^Uipg state, and it will fall to 32% 

Emrw* Why are these particular 
numbers pitched on ? 

Father, You will not perhaps be 
satisfied if I tell you, that the only 
reason why 213 was fixed on to mark^ 
the heat of boiling water, and 32 
that to show t\ie freezing point, was, 
because it so pleased M. Fahrenheit : 
ttiis, however, was the case, 

Chatle^* I can easily conceive 
^th^t at. the sao^e degree of cold, 
water will alwfiys begin to freeze ; but 
purely there iw differ^pt degrees of 
heat in boiling water, and therefore it 
should seem strange to have only one 
number for it. 
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Father. Iq an open vessel, boil-* 
ing water b always of the same heat, 
that is, provided the density of the 
atmosphere be the same ; and though 
you increase your fire in a tenfold 
proportion, yet the water will never 
be a single degree hotter; for the su- 
per-abundant heat, communicated tb 
the water, flies off in the form >of 
steam or vapour. 

Emma. jBut suppose you confine 
the steam. 

Father. Before I should attempt 
this I must be provided with a 
strong vessel, or, as you have seen 
under the article of the ^team-en^in^, 
it would certainly burst. But in a 
vessel proper for the purpose/' vtateir 
has been n»ade so ho^; as to tnelt solid 
lead. 
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Charles. Wi}\ yon explain thif 
construction of the thennomet^r? ' 

Father, a b {Plate in. Fig. 29.) 
represents a ^as$ tube, tlie end a is 
blown into a bulb, and this, with a 
part of the tube, are filled with nicr^ 
eury. In good thermoineters, th^ 
"Upper part of the tube approaches to 
a perfect vacuum, and of course the 
end B is hermetically sealed. If tibe 
tube^be now placed in pounded ice, 
the mercury will sink to a certain 
point vr, which must be marked on 
the tub^, and on the scale opposite 
to t^is point SS must be placed, 
which is called 'the freezing poidt. 
Then let it be immersed in boiling 
water;, the mercury will rise, and, ^fter 
a few minutes become stationaity. 
Against that point make anotb^K 
inark, and write on the scale S 1 S for 
VOL. IV. y 
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the heat of boiling water. Between 
these points let. the scale be divided 
into 18Q equal parts.. 

Emma. Why 1 80 parts ? 

Father. Because you be^n, from 
32, and if you subtract that number 
frpm 212, the remainder will be 180. 
Also below 32, and above. 2 12, set 
off more divisions on the sc^le, .equal 
to the others. The scale is finished 
when ypu have written against eA'" 
tremexoldy against 32 fixezing pointy 
against 55 temperate heat^ against 
76 summer heat^ against 98 blood 
A^a^, against llQjiver heat, against 
176 spirits boilf apd agamst 212 
water bpils. • .; 

<^ JEvima. You. said the sQale was 
to be divided higher than boiling 
water, but without mentioning the 
extent/ 
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Father. The utmost extent of the 
mercurial thermometer both ways, 
are the points at which quicksilver 
boils and freezes ; beyond these it can 
be no guide : now the degree of heat 
at which mercury boils is 600 and, it 
freezes when it is brought down as 
low as SP"" or 40'' below 0; conse- 
quently the whole extent pf the mer- 
cuual thermometer is 640 degrees. 



u2 
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« 

Of the Thermometer. 

CHARLES. Is quicksilver, when 
frozen, a solid metal, like iron and 
other metals ? 

Father. It is thus far similar to 
them, that it is malleable, or will 
bear hammering. And when quick- 
silver boils, it goes off in vapour like 
boiling water, only much slower. 
Hence it has been inferred, that all 
bodies in nature are capable of exist- 
ing either in a soUd^ fluids or aeri-' 
form state, according to the degree 
of heat to which they are exposed. 

Emma. I understand that water 
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may be either solid as ice, or in it^ 
fluid natural state, or in a state of 
vapour or steam. 

Father. I do not wonder that 
you call the fluid state of water its 
natural state, because we are accus* 
tomed, in general, to see it so ; and 
when it is frozen' into ice, there ap- 
pears to us, in this country, a vio- 
lence committed upon nature. ^ But 
if ft person from the West or East- 
Indies, who had never seen the 
effects of frost, were to arrive in 
Great Britain during a severe and 
long continued one, such as formerly 
congealed the surface of the Thames, 
unless he were told to the contrary, 
he would conclude that ice was some 
mineral, and naturally solid. 

Emma. Does it never freeze ih 
tjbe East or West Indies? 

u 3 
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Father. It seldom freezes, lihless 
in very elevated situations, within 
35 degrees of the equator north and 
south : it scarcely ever hails in lati- 
tudes higher than 60''. In our own 
climate, and indeed in all others be- 
tween 35* and 6o% it rarely freezes 
till the sun s meridian altitude is less 
than 40 degrees. The coldest part 
of the 24 hours is generally about 
an hour beftwe sun rise, and the 
warmest part of the day is usut^ly 
between two and four o'clock in the 
afternoon. 

Charles. Are there no degrees of 
heat higher than that of boiling 
mercury ? 

Father. Yes, a great many : brass 
will not melt till it is heated more 
than six times hotter than boilinc; mer- 
'^ury ; and to melt cast-iron requires' 
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a heat more than six times greater 
than this. ■" ', 

Emma. By what kind of thcr- 
mometer are these degrees of heat 
measured ? , 

Father. The ingenious Mr. Wedge- 
wpod has invented a thermometer for 
measuring the degrees of heat up to 
32277** of Fahrenheit's scale. 

Charles. Can you explain the 
structure of his thermometer? 

Father. All argillaceous bodies, 
or bodies made of clay, are diminished 
in bulk by the application of great 
heat. The diminution commences 
in a dull red heat, and proceeds re- 
gularly as the heat increases till the 
clay is vitrified, or transformed into 
a glassy subistance. This is the prin- 
ciple of Mr. Wedgewood's thermo- 
meter. 
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Emmai Is vitrification^ the limit 
of this thermometer? 

Father. Certainly. The construc- 
tion and application of this instru- 
ment is extremely simple, and it 
marks all the different degrees of 
ignition from the red heat, visible 
only ib the dark, to the heat of an 
air furnace. It consists of two rulers 
fixed on a plane, a little farther 
asunder at one end than at the other, 
leaving a space between them. Small 
pieces of alum and clay, mixed to- 
gether, are made just large enough 
to enter at the wide end: they are 
then heated in the fire with the body 
whose heat is to be ascertained. The 
fire, according to its heat, contracts 
tlie earthy body, so that being ap- 
plied to the wide end of the gauge, 
it will slide on towards the narrow 
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end, less or more, according to the 
degree of heat to which it has been 
exposed * 

Each degree of Mr. Wedgewood's 
thermometer answers to 130 degrees 
of Fahrenheit, and he begins his 
scale from Ped heat fully visible in 
day-light, which he finds to be equal 
to 1077** of Fahrenheit's scale, if it 
could be carried so high. 

In the next page is a small scale 
of heat as it is applicable to a few 
bodies. 

* We have in the former parts of this work 
observed, that all bodies are expanded by heat. 
The diminution of the argillaceous substances 
made use of by Mr, Wedgewood appears to be 
an exception : but as the contraction of these 
does not commence till they are exposed to a 
red heat, it may probably b^ accounted for, 
from the expulsion of the fluid particles, rather 
than from any real contraction in the solids. 
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SCALE OF HEAT. 



Sxtremity of Wedge- 7 ^^^ 



at 160 
32 



wood^s scale 
Cast iron melts 
Fine gold melts . 
Fine siker melts 
Brass melts . . , 
Red heat visible by day 
Mercury boils 

Note. 



— :jv2 -< 

— 28 

— 21 




CO 
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Fahrenheit. 
32277** 



three 



21877 

- 5237 

4717 

3807 

1077 

.... at 600 

Ifthese^ 

metals be 1 



o 



Lead melts . 
Bismuth melts 
Tin melts . - 



mixed together by ■ 

. ■ at 



(uiion in the pro- I *t 5 40 
portion of 5, S, and V— 4-60 

3, the mixture will 1 4,Q3 

melt in a heat be- 1 
iowthatof)x)iUng 1 
water. J -^ 

^^lk boils . ........ I .. at 213 

Water boils — 212 

Heat of the human body .... — 92 to 97 

Water freezes * — 32 

Milk freezes — 30 

A mixture of snow and salt sinks the 7 
thermometer to ........ . y 

Mercury freezes ...••. 
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Charles. You said that Reaumur's 
thermometer was chiefly used abroad; 
what is the difference between that 
and Fahrenheit's ? 

Father, Reaumur places the freez- 
ing point at 0; or zero^ and each de- 
^ee of hiis thermometet is equal to 
2^, or ^ degrees of Fahrenheit's. 

Emma,, What does he make the 
h0at of boiling, water f^ 

FatheP. Having fixed his fireez- 
ing point at 0, and makilig one of 
his degrees equal to &^ of Fahren- 
heit, the h6at of boiling water must 
be 80^ 

\ Charles. Let me see. The number 
of degrees between the freezing and- 
boiling points on Fahrenheit's ther- 
mometer is 1 80j lyhich is divided by 
'24, or g.25, gives 80 exactly. 
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Father. You have then a rule by 
which you may always convert the 
degrees of Fahrenheit into those of 
Reaumur: '^subtract 32 fix>m the 
given number, and multiply by the 
fraction V Tell me, Emma, what 
decrree on Reaumur*& scale answers 
to I6r of Fahrenheit. 

Emma. Taking * SSI fttm 16? 
there remains 135, which multiplied 
by 4 gives 540, and this divided by 
9 gives 60. So that 60'' of Reaumur 
answers to 167"* of Ftihrenbeit 

Charles* How shall I reverse the 
operation, and find a number on Fa* 
hrenheits scale that ahswers to a given 
one on Reaumur's? 

Father. " Multiply the j^en num- 
ber by the improper fraction ^, and 
add 32 to the product" Tdl ma 
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vfbat number on Fahrenheits scale 
answers to 40 on Reaumur's. 

Charles. If I multiply 40 by 9, 
and divide the product by 4, I get 
SO : to which if 32 be added, the re» 
suit is 122; this answers to 40 on 
Beaumur's scale. 
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CONVERSATION XXIIL 



Of the Pyrometer and Hygrometer. 

FATHER. To make our descrip- 
tion of philosophical instruments more 
perfect^ I shall tp*day show you the 
construction and ueesi of the pyro* 
meter and hygrometer, and conclude 
to*morrow with an account of the 
rain^gauge^ and some ^dir/ections for 
Judging of the weather. 

Emma> What do you mean by a 
pyrometer ? 

Father. ' It is a Greek word, and 
(signifies a fire-measurer. The pyro* 
meter is «, machine for measuring 
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the expansion of solid substances/ 
particularly metals, by heat. This 
instrument (Plate iii. Fig. 30.) will 
render the smallest expansions sen- 
sible to the naked eye. . 

Charks. Is all this apparatus ne- 
cessary for the purpose? 
' Father. ; This, as fer as I knov^, is 
one of the most simple pyrometers, 
and, admitting of ao easy explana- 
tion, I have chosen it in preference 
to a more complicated instrument, 
which might be susceptible of greater 
nicety. 

To a flat piece of mahogany a a 
ure fixed three, studs b, c, and d, 
and at b there is an adjusting screw 
F. H F is an index, turning very 
easy on the pivot f, and l s is ano^* 
ther turning on t, and pointing to 
the scale m n. r is part of a watch 

xg 
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Spring, fixed at r, and pressing gently 
upon the index l s. Here is a bar of 
iron, at the common temperature 
of the surrounding air; I lay it in 
the studs c and d, and adjust the 
screw p so that the index l s may 
point to on the scale. 

Charles. The bar cannot expand 
\nthout moving the indejc f h, the 
crooked part of which pressing upon 
t s, that also will be moved if the bar 
lengthens. 

Father. Try the experiment ; fnc- 
tion, you know, produces beat; take 
the bar out of the nuts,, rub it briskly, 
and then replace it. 

Emnui. The index l s h.as moved 
to that part of the scale which it 
marked % it is now going back: 
How do you calculate the length of 
the expansion? 
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Fatheri The bar pressed against 
the index f h at f, and that again 
presses against l s at z^ and hence 
they both act as levers. 

Charles. And they are levers of 
the third kind, for in one case the 
fukruni is at »r, the power at f, 
and the point z to be moved may be 
considered as the weight :— in the 
other, L ts the fulcrum, the power 
is applied at z, and the point s is to 
be moved *. 

Father. The distance between the 
moving point f and h is 520 times 
greater than that between .r and f; 
the same proportion holds between 
L s and L Zy from this you will get the 
spaces passed through by the different 
points. 

* For an account of the diflerent levers, see 
Vol I. Convers. XV. and XVI. 

X 3 ' 
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Emma. Then as much as the iron 
bar expands, so much will it move 
the point f, and of course the point 
z will move 20 times as much; to 
timt if the bar lengthen -^th of an 
inch, the point z would move f^thSy 
or 2 inches. By the same rule the 
point s will move' through a space 
£0 times as great as the point z. 

Father. There are two lerers 
then, each of which gain power, or 
move over spaces in the proportion 
of 20 to 1 ; consequently, when 
united as in the present case, into a 
.compound lever, we multiply 20 into 
20, which make 400 ; and therefore 
if the bar lengthen -Jg-th of an inch, 
the point s must move over 40%) times 
that^pace, or 40 inches. But sup-^ 
pose it only expands xirth part of an 
inch, how much will s move? 
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darks. One inch. 

Father. But every inch may be 
divided into tenths, and consequently 
if the bar lengthen only tbeT^Virth 
part of an inch, the point s will 
fDDve through the tenth part of an 
inch, which is very perceptible. In 
the present fcase the point s has 
ixioved two inches, therefore the ex<- 
panskm is equal to -rlrths, or -g^th 
part of an inch. — An iron bar, three 
jeet long, is about •;^th part of an 
inch longer in gummer than in 
wBrter. 

Charles. I see that by increasing 
the number of levers, you might car- 
ry the experiment to a much greater 
4agree of nicety. 

Father. Well, let us now proceed 
to the hygrometer, which is an in- 
strument contrived for Bieasuring the 
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different degrees of moisture in the 
atmosphere. 

Emma. I have a weather-house 
that I bought at the fair, which tells 
loe this ; for if the air is very moist, 
and thereby denotes wet weather, thcr 
, man comes out ; and in fair weather, 
when the atmosphere is dry, the 
woman makes her appearance. 

Charles. How b the weather* 
house constructed ? 

Father. The two images are placed 
on a kind of lever, which is sustained 
by catgut ; and catgut is very sensi* 
ble to moisture, twisting and shorten- 
ing by moisture, and untwisting and 
lengthening as it becomes dry. Oa 
the same principle is constructed ano- 
ther hygrometer, a b (Plate iii. 
Fig. 3 1 .) is a catgut string, suspended 
at A with a little weight b, that car- 
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tied an mdex c round a ck-cular scale 
]> £ on a horizontal lK)aiti or table : 
for as the catgut becomes moiety it 
t^kts itself, and untwists whei^ It ap- 
proaches to a dry state. 

Emma. Then the degrees of mois- 
ture are sbot?n by the index, which 
moves backifvards and forwards by 
the twisting and untwisting of th< 
catgut* Does all string twist with 
inoislure? 

Father. Yes. Take a piece of 
common packthread, and on it sus- 
pend a pound weight in a vessel of 
water, and you will see how soon the 
two strings are twisted round one 
another. 

Charks. I recollect that the last 
time the lines for drying the linen 
were hung out in the garden, they 
appeared to be much loose? in 
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the evening than they were next 
momitig, so that I thought some 
person had been filtering them. A 
sudden shower of rain has produced 
the same effect in a striking manner. 

Hmma. Sometimes, when sudden 
damp weather has set in, the string 
of the harp has snapped when no 
person has been near it. * 

Father. These are the effects pro- 
duced by the moisture of; the air; 
the damp of night always shortens 
hair and hempen lines ; and, owing 
to the changes to which the atnio« 
sphere in our climate is Uable, the 
harp, violin, &f . that are set to tune 
one day, will need some alteratioii 
before they can be used the next. 

Here is a sensible and very simple 
hygrometer : it consists of a piece 
of whipcord, or catgut (Plate uu 
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Eg- 32.)> fastened at a, and stretched 
over several pulleys, b, c, d, e, f ; 
at the end is a little weight w, to 
which is ^an index pointing to a gra- 
duaited scale. f 

Charles. Then according to the 
degree of moisture in the air, the 
string shortens or lengthens, and of 
course the index points higher or 
lower. 

Father. Another kind of hygro- 
meter consists of a piece of sponge £ 
(Plate III. Fig. SS.)y prepared and 
nicely balanced on the beam x y ; 
and the fulcrum z lengthened out 
Snto an index pointing to a scale 

AC. 

' Emma. Does the sponge imbibe 
moisture sufficiently to become a 
good hygrometer? 

Father. Sponge of itself will an- 
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swer the purpose, but it is Qiade mudi 
more sensible in the following maa- 
ner: 

After the sponge is well wadded 
from all impurities and dried agaifl^ 
it should be dipped into water or 
vinegar in winch sal-anunontac, salt 
of tartars or almost any other saline 
substance, has been dissolved, and 
then suffered' to dry, when it sliouU 
be accurately l^cdanced. 

Charles. Do the saline partictei^ 
In damp weather, imbibe the mois- 
ture, and cause the sponge tQ pne^ 
ponderate ? 

Father. They do* Instead cf 
sponge a scale may be hung at %, 
in which must be put soine land of 
salt that has an attraction to the 
watery particles floating in the air. 
Sulphuric acid may be substituted in 
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the place of salt, but this is not fit 
for your experiments, because a little 
spilt over will destroy your clothes, 
otherwise it makes a very sensible 
hygrometer. 

Emma. I have heard the cook 
complain of the damp weather when 
the salt becomes wet by it. 

, Fatk^r*, Eight : the se^t box in 
t^ kitobeti. M» not a bi|id bygro* 
meter. 

Note. — ^The ratiQ of expansion of mietallic 
rod& of tlie same diameter, placed' in boiling 
water, is found to be in brass 9^ ' iron 73y 
lead i5i>4iMi8UVe|9^ 
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CONVERSATION XXIV. 



Of the Rain-Gauge. 

CHARLES. Does the r^n-gauge 
measure the quantity of rain* that 
fells? 

Father. It shows the height to 
which the rain would rise on the 
place where it is fixed, if there were 
no evaporation, and if none of it 
were imbibed by the earth. One 
which is made and sold by Mr. Jones, 
of Holborn, consists of a funnel a 
(Plate III. Fig. 34.) communicating 
with a cylindric tube B. The diame- 
ter of the funnel is exactly 12 inches, 
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add that of the tube is 4 inches. Tell 
xse, Emma, wliat propqrtion th6 area 
of the ibrmer has to that of the 
latter. 

Emma. ' I remember that all plane 
surfaces bear the same proportion to 
one another that the squares' of their 
diatneters have. Now the square of 
12 is 144, and the square of 4 is 16, 
therefore the proportion of the 'area 
Qf the funnel is to that of the tube as 
.144 to 16. 

Father. But 144 may be divided 
by 16 without leaving a remainder. 

Charles. Yes; 9 times 16 is 144, 
consequently the proportion is as Q 
to 1 ; that is, the area of th^ funnel 
is 9 times greater than that of the 
tube. 

Father. If then the water in the 
tube be laised 9 inches, the depth of 
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rain faHen will in tbfe area of tbe 
funnel, which is the true gauge, ht 
only one inch. 

Emma. Does the little graduated 
rule mark the rise ? 

Father, Yes, it does. It is a 
floating index divided into inches. 

Emma. If then the float be raised 
1 inch, is the depth of water Veck- 
oned <;>nly ^ of an inch ? 

FMhet. Just so: and each nine 
inches in length being divided into 
100 equal parts, the fall of rain can 
be i^eadily estimated to the -^iirtb 
part ef an inch, llain-gauges should 
be varnished or well painted, and as - 
much water should be first poui*ed in 
as will raise the float to such a 
height, . that or zero on the ruler 
may coincide with the edge of the 
ftinnel. 
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Charks. This is not like your 
rain guage. 

Father. Th^t which I use, though 
somewhat more difficult of explana- 
tion^ is a much cheaper instrument ; 
it may without the bottle be made 
for a single shilling. It consists of a 
tin or copper funnel; the area of the 
top contains exactly lOsquare inches, , 
and the tube, about 5 or 7 inches 
long, passes through a cork that is 
fixed in a quart bottle. 

Emma. Is there any particular 
proportion between the area of the 
funnel and that of the bottle ? 

Father. No, it is not necessary ; 
for in this, the quantity of the rain is 
calculated by its weight compared 
with the area of the funnel, which 
is known. For every ounce of water 
I allow .173 parts of an inch for the 

y 3 * 
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depth of the rain fallen. Thus the 
last time that I examined the bottle, 

1 found that the water weighed ex- 
actly six ounces, and 6 multiplied by 
.173 gives 1.038; that is, the rain 
fallen in the preceding month was 
equal to rather more than 1 inch in 
depth. In the month of June (1801) 
the rain collected in the gauge weighed 
1 1^ ounces, which is nearly equal to 

2 inches in depth. 

Charks, Pray explain the reason 
of multiplying the number of ounces 
by the decirap.1 .173. 
Father. Every gallon of pure rain wa- 
tercontains 23 lcubicinches,andweighs 
8 lb. 5 oz. f avoirdupois, or 133.66 
ounces ; consequently ev^ry ounce of 
wat^r is equal to 231 -J^ 133.66 = 
1 .73 cubic inches ; but the area of the 
funnel is 10 square inches, therefore 
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K73 -^ rai±=l73 gives tht depth dfrkln 
fallen for every cubic inch of water col- 
lected, or for every ounce in the gatlge. 

Yotl have now a pr6tty full ac- 
count of all thfe instruments neces^^ 
sary for judging of the State of the 
weather, aad for cortiparing, at dif- 
.ferent seasons, the Various changes 
as they happen. 

Emma. Yes; the barometer in- 
forms us how clefise the atmosphere is ;^ 
the thermometer enables us to ascer- 
tain its heat; the hygrometer what 
degree of moisture it contains ; and by 
the rain-gauge we learn how much 
rain falls in a given time. 

Father. The ram-gauge musf be 
fixed at smne distance from all build- 
ings, which might in any way shelter 
k from particular driving wlBds; and 
the height at which the sulrface of 
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the funnel is from the ground roust 
be ascertained. / 

Charles. Does it make any dif- 
ference in the quantity of rain col- 
lected whether the gauge stands on 
the ground, or some feet above it? 

Father. Very considerable : as that 
which I have described is a cheap 
instrument, one may be placed on 
the top of the house^ and the other 
on the garden-wall, and you will find 
the difference much greater than you 
would imagine. — I will now give you 
some rules for judging pf, and pre- 
dicting, the state of the weather, 
which are taken from Avriters who 
have paid the most attention to these 
subjects, and which my own observa- 
tions have verified. 

1 . The rising of the mercury pre- 
sages, in general, fair weather, and 
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its falling four weather, as rain, snow, 
high tvinds, attd storms. Wheft 
the surface of tb© mercury is convex^ 
or stands higher in the middle^ than 
at the sides, it" is a sign the mercury 
IS then in a rising state ; but if ibf^ 
€urfa€e be concave or hollow in the 
middle, it is then skiking* 

2. In very hot weather, the failing 
of the mercury indicates thundier. ' ' 

3. In winter, tiie rising presages^ 
frost: and in frosty weather, if l,he 
mercury falls three Of four divisitos, 
there will be a thaw. But in a con- 
tinued froit, if the inercufy rise% it 
will certainly fenoMr. 

4. When wet weather happens 
soon after the depression of the mer- 
<;ury, expect but little of it ; on thu 
contrary, expect but little faif wea- . 
ther\vhen it proves fair^ shortiy titer 
the mercury has risen. 



259 PNEUMATICS. 

5. In wet weather, \i^hen the mer- 
cury rises much and high, and so 
continues for two or three days be- 
fore the bad weather is entirely over, 
then a contmuance of fair weather 
iriay be expected. . 

6. Id fair weather, when the mer- 
cury falls much and low, and tbus' 
continues . for two or three days be- 
fore . the rain comes^ then a deal of 
%\'et may be expected, and probably 
high .wind?. , 

7. The unsettled motion of the 
mercury denotes unsettled weather. 

8. The words engraved on the 
scale are not so much to be attended 
to as the rising and falling of the 
mercury : for if it stand at vnmh 
rain^ and then rises to, changeable, 
it denotes^ fair weather, though not to 
continue so long as if the mercury 
'^ad risen higher. If the mercury 
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Stands at fair, and falls to changeable, 
bad Weather may be expected. 

9. In winter, spring, . and autumni 
the sudden falling of the mercury, 
and that for a large space, denotes 
high winds and storms ; but in sum* 
mer it presages heavy showers, and 
often thunder. It always sinks lowei( 
of all for great winds, though not 
accompanied with rain; but it fidls 
more for wind and rain together than 
for either of them alone. . . 

10. If after rain the wind* chatoge 
into any part of the north, with a 
clear and dry sky, and the mercury rise, 
it is a certain sign of fair weather. 

11. After^ very great storms of 
wind, when the mercury has been 
low, it commonly rises again very fast 
In settled fair weather^ except the ba- 
rometer sink much, expect but littl^ 



raiQ* In a wet seaion, . the smallest 
depressions must be intended to ; for 
wlien the air is much inclined to 
^howers^ a litde skkiag in ibe ba^ 
rometer denotes more . rain. And ia 
such a season^ if it nse suddenly ^t 
and hi^ fair weather cannot be ex- 
pected to last morethan a day or two* 
. 13. The greatest ' heights of the 
mercary are found upon etisterly and 
noctth^easterly winds ; and it may 
often rain or snow, the wmd. being 
m these points^ while tlie barometer 
is in a rising state, the effects of the 
wind counteracting. But the mer* 
cury sinks for wind as well as rain in 
all other points df the compajis* • 
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